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PREFACE. 



In issaing this volume, it is necessary to state that Mr. Se well's 
work has been entirely re-cast, and, to a considerable extent, 
re-written. Much of what was, in the original book, of but 
general interest, or had become obsolete in consequence of the 
advances of scientific investigation and of experience, has 
been replaced by matter more directly interesting to the steam - 
engineer. The mechanical theory of heat is explained and 
exemplified, and the heat of combustion is given for various 
combustibles. An extended notice of peat as a fuel has been 
supplied ; and new chapters on steam, steam-boilers, and sta- 
tionary and portable steam-engines are added. The action of 
steam in the cylinders of steam-engines, and the conditions 
required for economically working steam by expansion, as 
originally investigated by the Editor, are treated in consider- 
able detail. The compound engine is also discussed, in 
addition to the various classes of single -cylinder engines ; 
and the most recent recorded performances of portable 
engines are presented to the reader, together with a sum- 
mary account of that nearly forgotten class of labouring 
machines — ^the traction-engine. 
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The historical seotion of Mr. Sewell*8 work, which ib re- 
tained in its original form, presents an interesting record of 
the inception and growth of the steam-engine, embracing a 
period of more than two thousand years. 

D. K. a 
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CHAPTER I. 

HISTOEICAL NOTICE OP STEAM AND THE STEAM- 
ENGINE. 

Thb genealogy of steam power, like that of heraldry, or 
science, or mechanics, or manufactures, passes into the 
romance of antiquity, and is involved in the secrecy of idola- 
trous worship, which has left only scanty means to trace it. 

These means are historical allusions, but chiefly a philo- 
sophical treatise on the '* Inventions of the Ancients," by 
Hero of Alexandria, a pupil of Ctesibus, whose time is 
variouslv estimated as from 225 to 150 b.o. 

Historically, however, since Hero recorded the existence 
of the steam-engine in an existing language, no retrogression 
marks its onward progress. An outline, therefore, of its 
history will more pleasingly convey rudimentary instruction 
on the application of steam power, than could be done by 
abstract reasoning. By this plan there is also the advantage 
of bringing into converse, as it were, the inventive ideas of 
past and present steam-engine improvers; for Boyle well 
remarked that failures are as instructive as successes. The 
practice of seeking to enhance modern science by disparaging 
that of past ages is too often used, and we regret to find one 
so eminent as Dr. Lardner attempting to show that the 

B 
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ancients were ignorant of steam, because they described it as 
** air produced by heat from water." 

Following the course usually adopted in giving practical 
forms to the descriptions of inventors, such as those of the 
Marquis of Worcester and others, two of Hero's altar-engines 
will be shown as cranes, with a view of usefully illustrating 
the romance of steam and hot-air engines. 

To make these more clear, Homer's ships, which " plow 
with reason up the deeps,*' and Plato's reference to steam, 
will be first noticed. 

Homer, 927 B.C. — It is uncertain how long steam power 
may have been employed ; but in cooking it would early 
display its force, and lead ingenious minds to apply it other- 
\Aise. When the word "steam" was generally used for 
vapour of water is not known ; but Homer speaks of ** steam *' 
from roasting meat as it is yet spoken of, and his descrip- 
tion of the Phseacian ships is an instance of great power 
being poetically, if not really, existent. 

In Ogilby*s edition of the Odyssey, dated 1699, Homer 

makes the Phaeacian Prince thus address Ulysses the 

Greek — 

** Now, Sir, be pleased you would yourself declare, 
Where you were bom, and what your Parents are, 
And your Aboads : that so we may instruct 
Our Ship, you to your Country to conduct ; 
We use nor Helm nor Helms-man. Our tall ships 
Have Souls, and plow with fteason up the deeps. 
All Cities, Countries know, and where they list, 
Through Billows glide veiled in obscuring Mist ; 
Nor fear they Kocks, nor Dangers on the way. 
But once I heard my sire, Nausithous, say 
Neptune enraged, because we do transport 
So many people safe from Port to Port, 
Returning will our vessel sink." •  • 

This is a glowing description of nnvigation, conceived and 
described about two thousand eight hundred years ago, if not 
partly realised by some potent agent whose powers seemed 
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illimitable to Homer. In various other passages, when 
describing Grecian ships, oars only are referred to, as in 
Ulysses' command to avoid a rock — 

** Sit on your Banks with pliant Oars to sweep. 
All as one man, the surface of the deep ; 
Bat, Helmsman, thy oare the vessel must protect." 

Paddle-wheel boats moved by mannal or horse or other 
power, and oars, are the only ancient propellers now known 
besides sails. 

If, then, those " renowned PhsBacians," or ancient Egyp- 
tians, employed neither horse, nor steam, nor other potent 
motive agent to propel their ships, then Homer conceived 
and clothed with brilliant language a great idea, all but lite- 
rally embodied in recent navigation. 

From the well-known science of the Egyptians, from 
Homer's frequent reference to " hecatombs of cattell " sacri- 
ficed to propitiate the gods, accompanied by wood, fire, and 
water to the altar, and completed by libations of wine poured 
on the sacrifice, as 

*^ On burning Altars a Libation due/' 

we can scarcely doubt but that they were well acquainted 
with steam power as used in religious services; and as 
Homer's assertion to Ulysses, 

** Since at Oontrivements we are Skilful both 
For dez'trous Sleights, 'mongst Mortals thine's the prize," 

is attested by their existing monuments, it would be easy 
for such " skilful contrivers " to convert a ** wine or water- 
raising engine " into a stone-raising one useful in the arts. 

Plato, 390 B.C. — The prevailing darkness regarding the 
scientific and practical knowledge of the ancients is in a great 
measure due to the philosophers of those days, such as Plato, 
who considered it derogatory to explain science to the unini- 
tiated, or record the inventions of the "vulgar," however meri- 
toriouSy beyond a passing allusion to them in other subjects. 
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Plato describes steam as water melted into air by heat, 
which CO aid be compressed into water again — a very correct 
description of the generation and condensation of steam, 
although this word is not used. 

Ue also makes Timieus speak of ingenious inventions in 
the mechanical arts; and from Plato's particular notice of 
steam power, it is evident that it was then a familiar object 
to learned and ingenious men, and may have been equally so 
in Homer's time. Neither can it be doubted tliat Aristotle, 
one of Plato's disciples, who died 322 b.o. ; Euclid, the mathe- 
matician, who flourished 300 B.C. ; Archimedes, the great 
geometrician and mechanician, who was basely slain 212 b.c, 
would be all conversant with steam and the steam mechanism 
of their days. 

More particularly in the noble defence of Syracuse against 
the Romans is Archimedes believed to have employed steam 
in some of his defensive engines, whilst with his burning* 
lenses he attacked the invaders, and drew the attention of the 
world to the resources of mechanical science. 

Hero, 150 b.o. — About this time, if not before. Hero of 
Alexandria wrote his able treatise on the '' Invention of the 
Ancients " of his day, which has associated his name with 
the invention of the steam-engine, although it appears to 
have been known some thousand years before his time. 
Hero states that some of the seventy -eight inventions he 
describes were his own, but does not specify which they are. 

Like other sources of information, extending beyond the 
burning of the Alexandrian Library of four hundred thou- 
sand volumes by the Saracens under Omar, 640 a.d., steam, 
in all probability, also lost its records. Hero's treatise was 
written before this dire event, but policy would guide his 
selections from the records of former inventors, which he 
professedly gives. 

In a commendable spirit of justice, Messrs. Woodcroft and 
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Greenwood have published a carefully revised edition of 
Hero's treatise on Pneumatics, which describes and illustrates 
seventy-eight " ancient inventions." 

Many of them are very ingenious, and display a knowledge 
of the properties of steam, air, and 
water. Amongst the number are a 
syphon, a fire-engine pump, a water- 
clock, steam - engines, altar - libation 
engines, singing-birds, and other de- 
vices, ending in an automaton drinking 
water after a knife had passed through 
its neck. They would well repay a 
careful examination. 

Hero's forty-fifth invention. Fig. 1, 
illustrates the force of steam in raising 
a weight A out of its seat in D, as it 
passes up the pipe from the boiler B, 
in which it is generated by the fire F, 
which would also equally move a piston 
in a cylinder. This is still occasionally a lecture experiment. 

Hero's forty-seventh invention. Fig. 2, is designed for 
the heat of the sun to expand the 
water in A, and by compressing 
the air on its surface jointly with 
the vapour formed, to force the 
contents in A up the pipe £. 
When A is cooled, the water in 
D would rise to fill the partial 
vacuum in A, and be emptied as 
before. By substituting a fire 
below A, instead of the sun above 
it, we have a simple water-raising 

engine on De Cans's plan, but wanting the separate cylinders 
to make it either as complete or economical as the idolatrous 
engine, Fig. 4. 



Kg. 1. 
Ancient Steam-engine. 




rig. 2. 

Ancient Hot-air Engine. 



ST£AH AND THE StEAM-EXGINE. 

Hero's fiftieth invention, Fig. 3, ia a simple yet complete 

rottitory eteam-eDgine, capable of giving motion to machi' 

ncry. The steam generated in A paaaea np the hollow 

frnme £ into the globe C, freely enspended on the point of B 

and on an opposite centre. The 

steam then issues at on orifioe on 

one side only of each arm E F, 

agatnat the air, whose reustance 

causes these arms to recede in an 

opposite direction and prodnce rota- 

tion of the glohe 0. If the steam 

had issued at both sides of the arms, 

the resistanceB would have balanced 

each other without obtaining rotation, 

similarly to two persons of equal 

iwwer opposing each other in open- 

iiig a gate. By a pinion D, or pulley 

. - .«^^"^" ^ . onlhesolidcentreof the globe, motion 

AnosntBtHaloiTEqgme. - , j . . • 

could he cooimunicated to machmery ; 
and a modified engine of this class was employed in the 
printing eatabliahment of Messrs. Cliambers of Edinburgh.* 

 Batore noticing Uie altar-en ginea, it may Tie interesting to slate, 
Ihiit the properties of the atmosphere and of a yacuamwere di«cuBsed by 
Hero as they now aw ; that Tarious figures illuHtrntB the motive power 
between water and air preasvire; that Figs, 9, 49, and 6* show (he 
power of compressed air; Fig. 27, an effeotiTo Bre-extiogaishing 
engine with, two bronie oylinden, " bored in a latbe to fit pistons," 
and each piston connected to one end of abeam vibrating on its centre, 
as in modem engines; Fig*. 11, 37, 38, 60, and 70, tho power of hot 
air, or hot air with steam ; Fig 67, a sjringe ; Figa. 4, 33, 68, and 78, 
the screw-prasa, raclt and pinion, bevel-gear, pulleys, and counter- 
weigbts; Figs. 71 and 79, cylindrical boilers with inner concentric 
hot-air chambers or fire-places (in which fire-pan and grate conld be 
let down, as in Moses's altar ot burnt offerings), and tubas for admit- 
ting air, for blowing (he fire by hot air, tor blowing a trumpet, 
and for whistling like a blackbird; Fig. 76, an organ -blowing cylinder, 
with slide-valves to each pipe, worked by a bell-crank motion similar 
to the rocking-shatt valve motion of locomotives, or Ericsson's calorie 
engine ; and Fig. 77| a windmill working an organ-bloning cylinder. 
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AUar-Etiginet. — Hero's description of these engines shows 
a clear knowledge how to apply the powers of steam or hot 
air to raise fluida, Hia eleventh and sixtieth inventions, 
entitled " Libations at an altar by fire," and " Libations 
poured on an altar, and a serpent made to hiss, by fire," dis- 
play both scientific and practical skill; for on a Urge acale 
both libation-engines wonld be qnite capable of exerting 
immense lifting power. One example will therefore be 
given, as both morally and practically instructive on this 
point. 



Let Fig. 4 represent Isus in hie splendid temple, with 
the attar A,* sacrifice G, and the attendant altar guardians. 
In tbe moit elabonits of these designs, hot-air power is a leading 
fentore, aided by Btesm to increase its effect. 

* In the British UnBeum, Egyp. Gal , No. 136, is a Bmall altar of 
libations, with a central tank (or boiler lilie Brindlcy's stone ones), and 
in the bottom are three holes, as if for pipes, arranged after Hero's 
design. In the Egypt Soom, cases 24-6, is a libation-vase with a large 
Btnip-like oval hole through it, and which divides it at that part into 
two sepacBte vesaela, hnt forming one vessel only at the top and bot- 
tom. This rase could be easily bound to any person or object, and its 
tubular oriflce convey hot air or steam into it, whilst anoUier similai 
tube might lend trom the top — now broken off— to a cup in the priest's 
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Part of it is sectional, to show the secret engine clearly, B, 
the boiler from which the steam passes by the pipes S S into 
the wine-cylinders to force their contents oat by the pipes 
along the priest's arms, similar to Porta's, Worcester's, Mor- 
land's, Papin's, and Savary's and other similar water-raising 
engines. The wine-pipes terminate in cnps held by the 
priests, and a third steam-pipe, T, passes from the boiler to 
the idol's head, with branches to the month, or nose, or both. 
With convenient stop-cocks, and all concealed from view, 
this mechanism gave great power of deception. 

Suppose, for instance, that the priestly exhortations were 
ended, and the worshippers expected the public sanction of 
the idol, hot air or steam admitted to the head would give 
the oracular response on any concealed musical or other me- 
chanism there, whilst the steam would escape like breathing. 
In like manner with the sacrifice, steam or hot air admitted 
to the wine-cylinders would cause it to flow out into the 
cups, as if miraculously obtained. Since it .better accounts 
for various historic records of scenes at idolatrous worship 
unaccountable to the witnesses, we have merely altered 
Hero's original ** serpent's head hissing " for a man's head, as 
a statue, on which the heat of an eastern sun would generate 
steam of available force from any water concealed in it.* 

Air would also produce similar effects when heated. By 
admitting it at one opening, and its expansion by heat shut- 
ting that entrance and opening another for escape, the heat 
of the sun would give sufficient power to emit sounds. 

Philostratus states that sounds proceeded from Memnon 
like a stringed instrument when the sun shone. Pausanias 
compares them to snipping the strings of a harp, and Strabo 
mentions his having heard similar sounds thus :— 

*' Memnon's broken image souDding, 
Tuneful 'midst desolation still." 



* Serpents were formerly venerated as idols. 
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Closed from the air, a little water confined in any exposed 
part of this celebrated idol would produce these sounds aj;ain 
and again, " when the sun ahone." 

De Cam't Sun Founfaim, 1612.— The recorded move- 
ments of idols when the sun rose, and of the Bounds proceed- 
ing from them, led the mechanics of ihe seventeenth century 
to imitate them by various ingenions arrangements of me- 
chanical muaic. Amongst these was De Cans, and, as show- 
ing the power of the sun on confined water, we give in this 
place two of his illustratioDS of ancient sun fountains. 




Ftg, a.-Lenstd Sun Fountain. 

Pig. 5 is a sectionsl view of two copper veaaelB (four 
were nsed) A A, filled with water at H H by atmospheric 
pressure from the well R. The heat of the sun expands the 
water in A A and forces it np the pipe I B about five or six 
feet. To increase the effect of the sun, " burning-lenses," 
L L L, Fig. 6, were introduced, which raised the water mtich 
higher than before. The acting force is steam and air coiu- 
preased in A A until their power exceeds that of the titmo- 
sphere acting on the water in R. With a fire instead of 
the sun, these would have been useful water-raising engines. 
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Tliero esiat, tfacrefore, no good gronnds to discredit the 
testimony of those who describe acenes often deemed fnbn- 
Ions, aiitce onr own " wizards " prove how readily the eye 
fails to detect artifices confessedly practised. Neither need 
it excite mnch sarprise that nations had faith in a mythology 
at once aublime and awe-inspiring, and commanding the 



Fig. 7. 'Smglc-actuigAltec-esgineuaCnme. 

services of such clever priests and shilful meclianicians. For 
n good-sized engine was not only eqnal to gently pouring out 
wine, bnt might in one instant be made to eject the steam or 
water amongst or against any refractory worshippers, as is 
supposed was done by Archimedes to defend Byraouee. 
AUar-Enginet at CVaiie*.— Fig. 7 is a crane nearly iden- 
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tical in its form to Hero's eleventh invention (which is a 
water-raising engine), but mounted on wheels for conveying 
materials from place to place. £ the boiler, S the steam- 
pipe, W the water-cistern, and S S the water-elevation pipes. 
This is the altar hot-air engine as shown by Hero. Now if 
we place a piston P in each tube S, and connect them toge- 
ther at the top by a platform A, from which another plat- 
form D is suspended, we have evidently a crane of great 
power and simplicity ; for as air or steam admitted into the 
cistern forces the water up the pipes, so would any weight be 
lifted within the limit of the crane-power. 

By opening the small cock c, weights could also be lowered 
by allowing the force to escape more or less rapidly as 
required ; in short, raise or lower weights with as much 
delicacy as is now done by any crane. 

On the lowest platform a block or load could be readily 
placed from the ground, then raised one lift from the crane, 
and blocked up for another lift, and so on until the required 
height was gained. 

Fig. 8 is a six-wheeled steam-crane on the plan of the 
wine-libation engine. Fig. 7, but with the steam-pipes from 
the top of the boiler, as they are not required to be con- 
cealed as in the altar-engine. The same letters apply as in 
Fig. 7. By this means, still greater delicacy in raising 
blocks to any angle is obtained, by admitting steam to or 
from each separate syphon-shaped cylinder as required. 
With such cranes, the most ponderous monoliths, even the 
great sphinx itself, would be readily handled or removed.* 

* These cranes were engraved before seeing the sculptured outline 
of the 4 and 6-wheeled besieging engines of the Assyrians in the Nim- 
roud Gallery of the British Museum, which embody a similar idea of 
power to work the highly inclined battering, or rather excavating, 
arms, and of portability by wheels. Since such engines were employed 
to destroy edifices, by a sight modification they could also aid in erect- 
ing them, although it is the usual opinion that inclined planes, rollers, 
and man-power were the chief lifting resources of the ancients. This 
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The nse of iteam, for religioDs and other prorenion*! par- 
poses, appears to have made its power a secret known only 
to the initiated, until the republication of Hero's treatise, io 



Fig. B.— DoaUe-aotiiig AltBT-eDKiiH u a Crui* 

1547, set in motion that menial power which, step by step, 
has made the steam-engine what it is. 

opinion ii, howeroT, scarcely consistent with tbeir known scientific and 
practical resources. 

Fur epecial occasions, as in Itlr. Layard's case, inclined planes or 
other expedients might be adapted, and from their contrast to the 
ordinary means be similarly delineated, j^et as little represent the 
mechanical resources of the ancients as those employed in removing 
the Kimroud Bcnlptures did those of Qreat Britain. 

The efforts of commentators to explain down to their own ideal of 
ancient kncnrledge the plainest leferences to skilled productiona bjr 
lloif* Homer, and others, ill accord with the results of discoTery.r 
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Anthemius, 530. — In revenge for having been baffled in a 
wordy dispute by Zeno the orator, this architect of Jastinian 
conveyed steam, by elastic pipes, below the floor of Zeno*s 
house, and so alarmed the orator that he yielded to a rival 
who shook his house and the *' earth as with the trident of 
Neptune." It is thus clear that Zeno had no knowledge of 
steam power, so familiar to his professional opponent. 

Gerhert, 1125. — This learned priest appears to have ap- 
plied one of Hero's plans to an organ at Eheims, in which 
the air, escaping by the force of heated water, produced 
musical tones in combination with water. 

Alberti, 1412. — The knowledge of the extreme force of 
steam again appears professionally by Alberti comparing it, 
when generated from water in the cavities of limestones, as 
bursting them with great noise, and blowing up the kiln 
with irresistible power. 

• 

De Garay, 1543. — Spain being in the meridian of her 
power about this time, the transporting of her armies across 
the ocean became an object of great importance, when De 
Garay, one of her naval captains, proposed to propel ships 
by steam. The llomans transported Claudius Gaudexs 
army into Sicily by paddle-wheel boats worked by oxen ; 
and in 1472, Valturius describes two paddle-wheel galleys. 
The one had five wheels on each side, and each opposite 
pair connected together by a cranked axle. These cranks 
were again connected together, that the motion of the 
paddle-wheels might be simultaneous. The other boat had 
only one paddle-wheel on each side, tixed on a cranked axle. 

Acquainted, probably, with this or earlier Homeric ideas 
or modes of moving ships, and ambitious to emulate the 
Eomans, De Garay selected steam as his auxiliary. His 
plan was kept secret, but a steam-boiler was on board, and 
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the paddle-wheels were seen to propel the vessel. It might 
be done by a rotatory steam-wheel, like Hero's, on the 
paddle-shaft, or by a steam-jet driving a central wheel, 
as in Fig. 9, or by a steam-jet, issuing at the stern, 

against the resisting water, bnt below 
its surface. The result of a trial at 
Barcelona, before the Spanish court, 
was that a vessel of 200 tons burden 
was propelled about three miles an 
hour — no mean performance then — 
and now interesting from the progress 
of steam navigation. De Garay's success 
was honoured by the court; but his 
invention was neglected. 

Tlie republication of Hero's treatise 

at Bologna, in 1547, and at several 

other places, led many eminent men 

to suggest various modes of usefully 

employing steam and hot air, a few of which will be 

noticed. 

About 1548, Vitruvins refers to the steam from an 
seolipile as wind produced by heat ; and Philibert de TOrme 
proposed an seolipile to cure smoky chimneys. 

Cardan, 1557. — The force of steam, and the rapid vacuum 
produced by its condensation, are both ably treated by 
Cardan, who also invented the smoke-jack, as still made, to 
illustrate the power of hot air. Possessing great scientific 
and superstitious knowledge, his life presents a singular 
blending of these together ; as was also partially displayed 
in England by the Marquis of Worcester and other in- 
ventors. 



Fiff.9. 

De Garay'a Steamboat, 

1543. 



Bremen, 1569. — An anonymous pamphlet, published at 
this time, on the expansive force of steam, is attributed to 
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the pen of this celebrated mathematician and reputed author 
of a collection of machineB, but pabliehed in 1578, after bia 
death. 

Matlhetiut, 1671. — In a sermon Matthesius illuatrated the 
great effects produced by small things, by reference to the 
great power produced by heat from a small quantity of 
water. 

In 1577, a rotatory steam-engine, Fig. 10, was employed 
to turn a Toosting-spit, (t7^ 

as a great and dean 
improvement upon the 
dog, previously em- ^ 
ployed to do so, but 
not nlways proof against 
" pawing " the savoury 
temptation 'beside liim. 

lu 1578, an English fig. io.-BoMting EDgine, istj. 

military writer, and in 
1587, PaucerolluB, l»th refer to pnddle-wheer vessels as then 



Rameili, 1688. — At this time another collection of ma- 
chines was published by this experienced engineer, wliicli, 
along with that of Breesen, greatly promoted subsequent 
improvements in steam and other machinery. 

Plalle, 1594.— Sir H. Platte deHcribee steam as "water 
Htlenuated by tire into air," which, by its emission from a 
whirling eotipile, made of copper, blows a tire strongly. 

He also suggested the collection of steam from domestic 
operations, and conveying it by pipes to force the growth of 
plants in a houue near the kitchen, 

Porta, IGOl— 1R09.— PorU's plan of allowing the relative 
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Tolame and force of steam in raising water, was an ingenioaa 

one for his time. 

The neck of the boiler B, Fig. 11, rises above the water 

in the vessel A, so that the steam generated in B may force 

the water out of A up the pipe D. 
The pressure of the steam was ascer- 
tained by weights on the valve O, 
and its relative volume by the ratio of 
the quantity of water forced out of A 
to that evaporated in B to force it 
out Although not an accurate plan, 
still it shows a clear notion of ob- 
taining that knowledge of steam which 
has so much engaged the attention 
of modern philosophers. It was 
given by Porta as an improvement 
on Hero's fountain, Fig: 2. The 
popular magic lantern is Porta's in- 

Porta'a EoiiBine, 1006. veutlou. 




Rivavlt, 1603. — Ri vault shows a knowledge of the great 
force of steam, by his comparing it as equal to burst a bomb 

partially filled with water and placed on a 
fire, as iu Fig. 12. The abutment, or point 
of resistance to the escaping steam, being in 
a line opposite to the fracture, the burst shell 
would be carried in that direction, as in- 
dicated by the arrow. Likewise, in any 
explosion of steam, the boiler would be 

i^^^M^nn forced in a line opposite to the fracture. 

Figr. 12.— Rivault 

on the Force of S, Be Cau8, 1612 — 1615. — There appear 
earn, 1603. ^^ j^^^^ j^^^^^ ^^^ jy^ Cau8*s — a Solomoii, 

the eminent engineer, and an Isaac, also a steam-engine 
historian. Solomon describes steam as "water dissolved 
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into air by fire/* and its force as ** infallibly bursting a copper 
ball containing water and exposed to beat." 

He also discusses the evaporation of water by heat, and 
the condensation of such vapour by cold to its original 
volume of water again. 

Fig. 18 shows his plan of raising water. As the steam ib 
generated it forces the water below it at B 
up the pipe 0. The pressure of the steam 
is regulated by the valve D, at which also 
the boiler was filled. For raising water, his 
plan is inferior to Porta's in economy, since 
the hot water is expelled from the boiler, 
causing a loss of both time and heat in 
generating steam again. Porta's, on the 
contrary, forces cold water from a separate 
vessel, and retains the hot water for steam, 
a difference greater than, yet not much 
dissimilar to, Newcomen's condensing in the 
cylinder, and Watt's condensing in a separate ?^- J^- 

cylinder.* gine, 1612. 





Ramsay^ 1618. — In 1618, David Ramsay obtained a 
patent for a new engine to plough without horses or oxen, to 
raise water, and propel ships without sails; also, in 1630, to 
raise water by fire from deep pits, move ships against wind 
or tide, and to fertilise the earth. 



Branca f 1629. — In his mechanical treatise, this distin- 
guished physician describes a rotatory steam-engine he used 
for grinding his drugs. He gives the top of the boiler the 
form of a man's head with a pipe in his mouth, blowing a 
jet of steam against the arms of a wheel. Fig. 14, to cause it 

* De Gans's sun-foantains are given, Figs. 5 and 6, as illustrating 

the effect of tlie sun on water in idols. 

c 
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to rotate on its axis, and by tbe pinion give motion to the 

drug machinery. 

A modification of tliis plan was tried at tlie Surrey Docks, 

with a wheel of 11^ feet diameter, making 500 revolationa 

per minnte. But the consump- 
tion of Bteam for an equal duty 
being greater with the rotatory 
than with a piston enffine, led 
to its disuse. 

Branca also describes a hot-air 

rotatory engine, driven by the 

heat and smoke coUected from a 

smith's forge ; whereby to aid the 

^ smith in his operations; but all 

Fig. i4.-Bniioa*iEiiffiii«, 1629. iiiQge engines he gives as the 

invention of others and not his own. 

Drehhel, 1630. — The sounds emitted by the idols of the 
ancients are said to have been succeBsfully imitated by 
Drebbel; introducing a little moisture with the air, their 
mutual expansion by the heat of the sun produced a ** soft 
and pleasant harmony." This is closely following some of 
Hero's singing-bird illustrations, where the expansion of air 
by heat performs a chief part, aided by steam when required. 

In 1632, amongst several other inventions, Thomas Grant 
included moving ships without sails; and in 1640 Edward 
Ford also proposed to move ships against wind or tide by 
some great power not clearly defined. 

Willcins, 1648.— In a contest of wit with the Duchess of 
Newcastle, Bishop Wilkins, besides other ingenuities, sug. 
gested the possibility of flying by "high pressure" steam 
moving large wings, which has been more than once 
attempted in modern times. 
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Mar^ait of Worcetler, 1651 — 1663.— On the fall at 
Gbarlea I. in 1648-9, the Uarquis fled to the Continent^ where 
he remaiued until 1656, when he returned Becretly to Lon- 
don for Charles II., but was taken and imprisoned in the 
Tower, At the time of his exile. Hero's treatiae had gone 
throngh five editions, beddes the treatises of others already 
referred to; and when ao mnch attention was directed to 
motive engines, it was likely to arrest the noble exile's notice 
wlien abroad. It is probable that from these eources most of 
his ideas originated, as after- 
wards given in his letter of 
1651 to Hartlib, and in his 
hundred inventions of 1656. 

In his writings and prayers, 
he thanked God for showing 
him "so great a secret of 
nature, beneficial to all man- 
kind," yet he studiously with- 
held from mankind the con- 
strncUon of hu "semi-omni- 
potent," power, leaving it to 
be considered as a steam- 
engine. 

When a political prisoner h,. is._w™«t«r'. Eogizu,. i6m. 
in the Tower of London, this 

celebrated nobleman — after the example, but without the 
clear illustrations, of Hero — drew np " The Gentary of In- 
ventions." Of these the 68th refers to the steam-engine "as 
an admirable, most forcible way to drive up water by fire, 
which hath no bonndee if the vessels be strong enoogh." 
He also compares the force of steam to the bursting of a 
cannon, evidently then, as it still is, a popular expression for 
a great force. No drawings or description of his engine 
have been found in this country; hut, in 1656, the Diike of 
Tuscany saw an engine lifting water 10 ft, high, at Vaushall. 
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To the perplexity of readers, different authors have differently 
embodied the Marquis's description. Stuart and Galloway 
show a double De Oaus engine, whilst Millington and Tred- 
gold sketch a double Porta*s engine, as in Fig. 15, where the 
steam from the boiler passes down the pipe D, to expel 
the water from A, whilst is filling with w*ater from the 
well W. The valves all open only one way, as in the 
sun-fountain. The cock in D is then shut and F opened, 
that the steam may expel the water from up the central 
pipe E, whilst it is refilling again, and so on alternately to 
keep " one forcing whilst the other is filling,*' agreeably to 
the text. 

The Marquis also proposed to move ships by paddle- 
wheels against the wind or stream ; but it is much to be 
regretted that he left no tangible evidence of his designs, 
such as is done by those preceding him in their illustrated 
works. 

OUo Guericlce, 1654. — This able man records some 
valuable experiments which illustrate the pres- 
sure of air in raising water or in depressing 
a piston. In Fig. 16, the pressure of the air 
on the water in is forcing it about 30 fit. up 
the pipe A, previously exhausted of air, into 
the receiver E. If the vacuum had been per- 
fect it would, as previously explained, have risen 
nearly 34 ft. high. 

Fig. 17 shows the air pressing down the piston 
P (17 in. diameter) in the cylinder C, previously 
exhausted of air, into E, whilst a number of men 
are in vain exerting themselves to prevent its 
Rg.ifi. descent. Fig. 18 shows the pressure exerted 

raising^^tw. balanced iu a scale by 2,686 lbs. Tlie area of 
a 17-in. piston being nearly 227 square in., 

gives 11*8 lbs. per square in., or nearly the same as is 
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obtained in a Watt'a condenaer. If tlia vacnnm had been 
perfect the pressure would have been 14| Iba.per aqaare in. 



tig. 17.— Man-power of Atmoaphen. 

Kircher, 1G56. — Eircher'a illastratiou of Porta'a plan 
might be made a pretly little fountain, by receiving the 
falling water in a ciatern fitted round the stem B, and raised 
by atmospheric preesure to refill again, aa Fig. 19, He 




Fig. 18.— ■Welg'btpoTrflrotAtincapberB. 



Hg. la.— Kimbra'a Bnsine. 



also enggested an improvement on firanca'a engine, by 
having a blaat of ateam on each side of the wheel at the 
same time ; and his modela are highly spoken of aa the 
workmanship of a mechanic named George De Sept. 
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Jaek Cff Hilton, 1658.—" Jack " ii described as an artistic 
Klopile, reaembling the liamaD fignre, with his right hand 
on his heail, and hia left hand " od pego," to blow the fire in 
Uilton Hall, whilst the Lord of Easington droves goose three 
times roond that lire before it waa roasted for the Lord of 
Hilton, celebrated in Godtva procession annala. 

SirS.Morlaiid, 1670— 1665.— This disttnguiahed mechanic 
wrote an essay (now in the British Maeenm), on the " Weight 



Fig. SO.—Horland'E Engine, 1680. 

and Measure of Water elevated by Machines." His plan waa 
by alternately filling and emptying two or more cylinders 30 
times {or strokes) per minute. The duty he estimated by 
the weight, raised in a given time, ai it still done in thi« 
country. Ko drawings of hia engine have come under our 
notice, but Fig. 20 embodiea the description given of one 
with two cylinders. On steam passing from the boiler B to 
the cylinder C, it expels the water np the central pipe E, 
while A is filling with water from the well W, to be emptied 
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in like manner whilst is filling, and so on alternately. The 
relative volume of steam to water he gives as about 2,0CK), 
and its force as capable of " splitting a cannon ;*' but being 
regulated by " statics and science to measure, weight, and 
balance,*' it bears its load peaceably like a good horse, and 
becomes of great use to mankind. 

He gives the following proportions of cylinders, and the 
weight of water they would raise each stroke. We have 
added the height in inches of the water raised equal to the 
diameter of the respective cylinders. 



No. 


CrUNDBBS. 

Diam. 

1 


Length. 
2 


WATBB BAI 

lbs. 
16 


SED BACH 8TB0KB. 

Height in eaoh Cylinde 
Inches. 

3-7 




2 


4 


120 




7-4 




3 


6 


405 




100 




4 


8 


960 




14-7 




5 


10 


1876 




18-3 




6 


12 


3240 




22-0 


2 


6 


12 


6480 




22-10 



and 80 on to 90 cylinders, each lifting 3,240 lbs., or 
291,600 lbs. of water raised a considerable height per stroke. 
There can, therefore, be no doubt of Morland's clear appre- 
ciation of the nature of steam, and the method of estimating 
its performances. In 1675, he raised water from the Thames 
60 ft. above the top of Windsor Castle, at the rate of 60 barrels 
per hour, by eight men, which gave so much satisfaction, 
that in 1681 the king presented him with his medallion 
portrait set in diamonds. 

In 1678 Bushnel proposed to propel ships by oars bound 
together, and the rope ends fastened to the capstan, to be 
wound off and on alternately for each stroke of the oars, as 
afterwards tried by Fitch in 1788 with sceam-power. 

SaiUe/euHle, 1678. — This learned abb6 and mechanist 
gave designs of engines for using heat, steam, gunpowder, 
and alcoholic vaponr as motive agents. One plan was by 
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direct pressare of steam or hot air on water ; another by 
condensing the steam or vaponr below the piston, to produce 
a vacnnm for the atmosphere to force down the piston, as In 
Fig. 70 ; and a third was by exploding gnnpowder on alter- 
nate sides of a piston. 

With steam, Savary and Newcomen effected the first and 
second ; bnt the third has not vet proceeded beyond experi- 
ment A recent trial of gunpowder as a motive power, at 
Swindon Station, by James Squires — an ingenious mechanic 
and electric experimenter there — indicated that, as in shooting, 
the dibris of the powder speedily choked up the moving 
parts, and arrested the engine. It was tried by fitting a 
separate powder-chest at each end of a s.mall cylinder boring 
engine, and the powder was regularly admitted by a valve, 
and exploded by galvanic agency. The action was impulsive 
and not sustained, which, with the deposit from the gun- 
powder, discouraged further trials. 

In 1681 the Prince Palatine Robert's boat, propelled by 
revolving oars on the Thames, beat the king's 16-oar boat 
by a long distance. Papin was present at this trial. In 1682, 
a horse paddle-wheel boat was employed at Chatham for 
towing ships. 

Sir I. Newton, 1680. — In his " Explanation of the New- 
tonian Philosophy," Sir 
Isaac Newton shows the 
elastic force of steam, by 
its locomotive capabili- 
ties, as Fig. 21, where 
the globular boiler, with 
its steam-jet pipe and 

Hg. 21.-8ir L Newtoii»8 Locomotive, 1688. COCk, is mounted " Upon 

little wheels, so as to 
move easily upon a horizontal plane ; and if the hole be 
opened, the vapours will rush out violently one way, and the 
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wheels and the ball at the same time will be carried the 
contrary way/' This is the first idea of steam locomotion 
we have met with. 

The principle of producing locomotion by the velocity of 
one fluid acting against a fluid comparatively at rest has 
formed the subject of a patent by Allen in 1724, Eumsey in 
1788, and Gordon in 1845. It was also the plan of Mat- 
thesius*s roasting engine, Hero's rotatory engine, and various 
other inventions since that time. 

Paj>in, 1680 — 1707. — This eminent physician and engi- 
neer proposed to apply steam to various purposes. Amongst 
others to dissolve bones, to throw bombs, to drive machinery, 
to propel ships, and to raise water. In his celebrated " Steam 
Digester " for dissolving bones into useful food, he employed 
steam of a temperature equal to melt lead, or about 612^ 
This indicates a pressure of about 1,4^ lbs. per square inch, 
which would propel either balls or bombs with very great 
force; for Perkins's celebrated steam-gun of 1838-9 only 
used steam of 410''Fah., or 450 lbs. pressure per square 
inch. To regulate the force of the steam in the digester, he 
invented and employed the steelyard safety-valve c, Fig. 22. 
The lever c is jointed at one end to the valve seat, and the 
fiilcrum is jointed centrally with the safety-valve on which 
it rests. The weight a presses the valve down by the ful- 
crum with more or less force proportioned to its distance from 
the centre of the valve. This valuable invention is still used 
in steam boilers in its original plan, although various simi- 
larly loaded levers with shifting weights are shown in Hero's 
ancient designs. 

In 1687, at Marbourg, Papin constructed an atmospheric 
engine for raising water to drive a wheel, which also worked 
the air*pnmps used for producing a vacuum in the long mine 
pipes, below the piston, as in Otto Guericke's experiments. 

To render the action continuous, two cylinders were 
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joined together by a two-way cock, which alteroately opened 
each cylinder with the air-pump and the atmosphere. Each 
piston waa connected by a ropo to a shaft to give it motion, 
but the ropes were wound round in contrary directions, so 
that as one was raised the otlier was depressed ; an arrange- 
ment adopted afterwards by Lenpold for high-pressure 
steam. 

Like that of the late promoters of the atmospheric railway, 
Papin's difBciilty arose from the slowly obtained vacuum and 
leakages, which he failed to overcome. 



Fig. 13.— Fnplu'a Engine, llOt. 

His numerons experiments showed him the advantage of 
a good vacuum below the piston, wliich he sought to obtua 
in various ways ; amongst others, by the explosion of gun- 
powder in the cylinder. This he abandoned as dangerous, 
nnd proposed to raise the piston by the steam, and then to 
condense it, that the air might depress the pieton agunst a 
vacuum. He did not carry this out, hut it was successfully 
done by Newcomen. Savnry'a success in England led the 
Elector of Saxony to recommend Fapin to abandon his own 
superior proposal, and try Savary'e plan. Fig. 22 is an 
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outline of the result, which Papin calls the Elector's 
Engine. 

Steam from the copper hoiler B passes by E to the cylinder 
and presses down the floating piston P, to force the water 
up the pipe I into the cistern M, The cylinder safety-valve 
was then opened .to admit the steam to escape, and the water 
from the mine, aided by the air vessel A, refilled the cis- 
tern. For driving machinery a water-wheel was added, and 
the cistern M made air-tight. The outlet pipe I) being 
smaller than the inlet pipe I, the air acting with the water 
was compressed and aided in keeping up a uniform force to 
turn the wheel H and produce a regular rotation. Even down 
to Smeaton's and Newcomen's time, this was an approved 
mode of rotation when available. 

For steam-ships Papin employed two or more cylinders, 
A, B, Fig. 23, having racks jointed to the 
piston rods, and arranged to gear alter- 
nately into the central pinion P on the 
paddle-shaft, and produce rotation. Several 
modifications of this plan were tried before 
the crank came into general use. 
. Papin first systematically tried to save 
fuel by improved boilers. One form was 
bent like a syphon, with the fire in the 
short end, and the draught down through 
the fire, whilst the cylinder was fixed on 
the long end, so that the heat acted on it 
in its passage to the chimney. The fire- 
bars were, however, so quickly destroyed 
by the intense heat, that it was called the '' little volcano,** 
and probably led Papin to recommend hot air for reducing 
mineral ores, as successfully done by Neilson in the present 
century. 

Another boiler was 8 ft. by 5 ft., with a tubular flue 24 ft 
long by 10 in. square, bent so as to pass four times through 




i'ig. '23.— Papin's 
Marine Engine. 
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the water. This gives a henting surface of about 80 square 
ft., and led to a saving of abont 76 per cent, of the fuel then 
used for ordinary boilers. 

Althongh an accoant of this boiler, and other novel ma- 
chines by Papin, was published in 1696 by GasseU, yet it 
appears not to have been known to Savary or Xewcomen, 
since they need inferior boilers for their engines. 

Fig. 21 is a sectional view of the naeful and iogenioni two- 
way cock of Papin, bat nsaally 
called a foar-way cock ^om 
the four ezternal openings in 
the ontaide socket A A. The 
^ centrol plug P is fitted steam- 
tight into the socket A A, 
like an ordinary cock-plng, but 
has two pasaagea 1, 2, through 
Pig.M.-rairin'.Two-wayCcKk. ■'» which alternately connect 
each adjoining pair of external 
openings, or shnts them all, as the plug ia moved by the 
handle H one-eighth or one-quarter turn. 

For a double-acting steam engine the passage S fi leads 
from the boiler below the piston, and the passage T G from 
the top of the piston to the condenser, or to the atmosphere 
in high-pressare engines. By moving the handle H to 9 
the passages are all shut; but when moved on (o 0, the 
boiler is connected by S T to the top of the piston, and the 
condenser by B below the piston. 

To equaliBe ita wear, Brnmah improved its form, and made 
the plug turn quite round within the socket. 

It is thus seen that several important inventions and 
valuable suggestions, since reduced to practice, are due to 
Papin. 

In 1699 boats propelled by revolving oars were tried both 
nt Marseilles and nt Havre, by M, Dagnet, which were 
favourably spoken of. 
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AmontorCs HoUair Rotatory Engine, 1699. — This waB an 
ingeniously arranged box-wheel, 12 ft. diameter, fitted with 
thirty-six air-tight cells, of which the twelve inner ones had 
valves opening upward only. In the lowest four of these 
valved cells were 760 lbs. of water, which was forced up one 
side by hot air, that its unbalanced gravity might give a 
downward motion to the wheel, and produce rotation. 

The action was by a tube conveying the hot air from each 
outer cell to each third lower water-cell, to force its contents 
up through the valve in rotating, and as the wheel revolved 
its lowest edge passed through water to condense the rarified 
air again. The fire was placed in a confined channel, to act 
directly on the outer air-cells, resembling the position of a 
breastwater wheel ; but instead of the downward water-flow, 
there was an upward hot-air action, yet both produce a 
similar rotation downwards by the gravity of water. 

The heat given out to the water by the hot air was thus 
lost, which in Ericsson's hot-air engine is mostly recovered 
by exhausting it through wire gauze, and passing the cold 
air through this heated gauze to re-absorb the heat from it. 

Savary, 1698 — 1702. — The great energy displayed by 
Savary in improving and introducing steam-engines added 
much to their popularity in England. His first engines were 
nearly the same as those already described, with the addition 
of cold water poured over the cylinder to produce a more 
rapid vacuum in it, but which had the bad effect of cooling it 
each stoke. He next improved the steam-admission valves, 
the mode of opening it, and his boilers. 

In Fig. 25 the two boilers are connected together by the 
pipe 3, and have gauge -cocks G to ascertain the relative 
height of the water in them. The largest boiler A is filled 
from the water-tank T, and the small boiler is supplied with 
steam and hot water from A. The steam-pipes 1 2 from B 
convey the steam alternately from the vessels E V, to expel 
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the water in them op the central pipe L, m in Morland'i 
engines. When one of these, ia E, hns been emptied, the 
cock F ifl opened by the handle O, nnd oold vater ponred 
oTtr the TeBsel to condenae the ateam in it, and in like 
manner with V. The handle U conveniently regnlatea the 
aleam-Tnlvee, nnd G the injection -cucke. One of Papin'a 
anfcty-valvea, D, regulated the force of the ateam in the 
tmilera. 



It ia related tlint Savary accidentally discovered the force 
and condenBstion of ateam from a wine-6ask, not qnite empty, 
being thrown on a lire and producing ateam, when he took 
it off the fire and immersed its month below cold water, 
which condensed the eteam, and filled the flask by atmo< 
Bpheric pressure. 

The laboura of Worcester, Morland, and others in Eng- 
land had so publicly ahown the capabilitiea of ateam, that in 
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ftU probability Salary was fully aware of its force ; but such 
an incident might suggest the mode of condensation he 
adopted, and which, applied internally, still exists. 

Savary states : — " My engine raises a full bore of water 
sixty or seventy feet high, and, if strong enough, I would 
raise you water five hundred or a thousand feet high." 

Only in the improved boiler and valve arrangements do 
Savary's engines exceed the idolatrous one, since the action 
of both is similar in passing from the boiler to two separate 
vessels, and expelling their contents out by other pipes. 

Savary also proposed to propel ships by paddle-wheels 
worked by the capstan and suitable connecting ropes, which 
the Lords of the Admiralty referred to their surveyor, Mr. 
Dummer, who, like Sir W. Symonds in 1837, on Ericsson's 
screw propeller, reported against Savary. Still unsatisfied, 
he persevered, until one of the commissioners thus faithfully 
expressed the sentiments of many in authority besides Go- 
vernment oflScials : " What business have interloping people, 
that have no concern with ub, to pretend to contrive or invent 
anything for us?" 

Neiccomen^s AlmospJieric Engine, 1705 — 1720. — The ex- 
ertions of Papin and Savary to bring the steam-engine into 
general use for draining mines stimulated others on in the 
same path, and amongst these Newcomen, a country black- 
smith, honourably distinguished himself by his decided 
improvements on the steam-engine. Hitherto the air had 
only been used to fill the water-vessels, but on the principle, 
so clearly laid down by Otto Guericke, Newcomen employed 
the air to perform the principal duty, and steam only as an 
auxiliary. He also introduced the beam or balance -lever, 
D E, Fig. 26, freely suspended on its centre B. The piston 
P was kept tight by a little water on its upper surface from 
the tank T, and was attached by a rod and chain to D, 
whilst a common lifting-pump M, leading to the mine, was 
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attached to the end E. The cylinder was placed over the 
boiler F, and as the steam raised the piston, the coanterpois« 
weight I lowered the pnmp-rod and bucket down throagh 
the water. The injection 'Cock L is then opened, and water 
admitted to condense the steam in the cylinder. The air 
passed out by V, and (he condenaed steam and injection 
water by the pipe j, to the hot well W. Walt's principal 
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improvement consisted in placing his condenser in the position 
of the hot well, and condensing the steam there in place of 
in the cylinder. By thus condensing the steam below ihe 
piston, Newcomen obtained a good vacuum, and the pressure 
of the air on the piston forced it and that end of the beam 
down, whilst the elevation of the other end raised the water 
from the mine. Steam was therefore only employed to raise 
(be piston, and air to do the duty. 



HISTORICAJ- NOTICE. 33 

At first Newcomen idopted Savary's plao of external con- 
densation; but a faulty cylindei having admitted water inter- 
nally, the condensation was more rapid, with increased effect 
from tlie engine. Since that discovery, internal injection 
has generally, but not always, been adopted. 

The varione cocks and valves were all opened by hand 
until Potter, a young lad attending one of the engines, inge- 
nionsly connected them to the beam by strings and catches, 
so as to open them with much regularity. Improved con- 
nections sncceeded his temporary ones ; still to Potter the 
credit is due of introducing the self-acting hand-gear. 

The beam, the pump, internal coudenBation, and self-action 
were important additions to the previous steam-engines, 
earning for Newcomen and his assistants a well-deserved 
fame, 

Jktaguliert, 1717, 1718.— This learned doctor gave his 
preference to Savary's engines, and states that one erected at 
Petersburg raised 2,520 lbs. of 
water 40 ft. high per minute ; 
and that another raised water 
53 ft. high when making six 
strokes per minute, but only 35 ft. 
high when making nine strokea 
per minute. He also contended 
that they were more economical 
and effective than Newcomen's; 
stating that one of his engines, 
which cost £S0, raised 370 lbs. 
of water 38 ft. high, while one 
of Newcomen's, which cost £300, 
only rtused 150 lbs. per minnte. 
Fig. 27 ia an outline of De- 
aagnlier's engine, with its improved arrangement of 
boiler-flues; B the boiler, W the water, M the pipe to 
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the mine. The action is similar to Savary's, but single 
acting. 

Desaguliers' comparative statement merits some notice, 
since there was a constant loss of heat and time from New- 
comen*s chilled cylinders, amounting to about thirty per cent, 
of the whole steam generated. This source of loss would 
be little felt in Desaguliers', since water only slowly absorbs 
heat downwards. The following experiment, made by Golds- 
worthy Gurney, Esq., in September, 1850, at Westminster, 
in presence of several engineers, bears on these points, and 

may be instructive. Steam of 
20 lbs. pressure above the atmo- 
sphere was alternately admitted 
in contact with oold water in the 
boiler-feeder A F, and in contact 
with air between the steam and 
cold water. Fig. 28 is a sketch 
of the boiler and feeder on which 
the experiment was made. As 
no machinery was required, the 
boiler was supplied by water 
without a pump. The water- 
feeder, A W S, was connected 
to the boiler by the pipe £, and 
to an elevated water-cistern by the pipe D. When it was 
filled D was shut, and B and opened, that the steam 
might pass to the top of the water, and balance upward 
pressure below in B. The water then descends by its own 
gravity into the boiler. 

When this feeder was partially filled with cold water, then 
air, then steam, cut off from the boiler at G, the air appeared 
to slowly absorb heat from the steam ; but when the air was 
expelled at G, and the steam remained in contact with the 
water, no perceptible absorption of heat from the steam took 
place. Even after this isolated steam had remained ten or 




Ffg.sa 

Gnmey'fl Ezperimental Bofler. 



HISTORICAL NOTICE. 35 

twelve minuteB in contact with the cold water, it blew off at 
Q with much force. It was the difficulty of quickly condens- 
ing the steam which had done its duty, and not the conden- 
Bation of the ateam forcing the water, which retarded the 
action of these engines. Internal condensation was more 
rapid, but entailed the losa from a chilled cylinder each 
stroke. Besides, the unbroken surface of water rising up 
slowly against the steam would compress it and increase its 
force, as it does in the "back pressure" of a locomotive 
engine. Fordbly injecting broken water like rain amongst 
steam is a very different process, yet requires eleven times 
(or more, according to temperature) as much water to 
dense the steam as to generate it, 

Beighton, 1718. — Potter's hand-gear was still furthei 
proved by Beighton, so as to oiwn and shut all the valves 
and cocks with mach precision. He also widened the top 
the cylinder, to prevent the water on the piston flowing o 
and conveyed >t by pipes to the boiler, or hot welt, as il 
became hot. The action and arrangements of cylinder, beam, 
and pump were similar to Newcomen's. 

Leupold, 1720. — Leupold recalled atleution to high>pres- 
sure steam-engines by a very 
simple yet effective double-acting 
engine, Fig. 29. The steam 
generated in B passes alternately 
by the two-way cock I to the 
cylinders 0, and raises the 
pistons connected to two beams 
which work the lifting-pomps ^ 
P P, as in Newcomen's plan. ' 
A turn of the cock opens a pas- 
sage for the steam to the atmo- 

. - ,. , , Fig. M.—Lenpoia, 1720. 

sphere from one cylmder, and 

from the boiler to the other cylinder at the same time. The 
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piston end of the beams are heaviest, to balance the weigbt 
of the pumps, that the pistons may descend by their own 
gravity. 

This is given by Lenpold as an improvement on Papin*s 
atmospheric engine, similarly arranged. 

Newcomen raised the water by atmospheric pressure dur- 
ing the downward stroke, but Leupold did so by steam 
pressure during the upward stroke of the piston ; and the 
simplicity of this engine has rarely been surpassed. 

Leupold also proposed an improved form of Amonton'a 
hot-air rotatory, by using tubes instead of valves to connect 
the water-cells, which were also placed much nearer the 
periphery of the wheel to give greater effect to the raised 
water. 

In 1724 John Dicken, and in 1729 John Allen, proposed 
engines to raise water or move mills and ships. Allen's 
ship-propeller was by a jet of water or other fluid forced 
through the stern of the vessel below the surface of the 
water, whose resistance moved the vessel in a contrary 
direction, as in Sir Isaac Newton's locomotive engine. This 
idea has been since tried by Fitch, in 1788, with water, and 
by Mr. Gordon, in 1846, by hot air, on the Thames. 

Allen expressed his decided opinion in favour of a steam- 
propeller of some sort as preferable to paddle-wheels, and 
more of the nature of a fish-tail propulsion. 

To economize fuel with rapid generation of the steam, 
Allen proposed a fire-box boiler with a spiral flue through 
the water, and a bellows-blast, to urge the '' sluggish vapour*' 
through the tube, as was done in Ericsson's Novelty Loco- 
motive of 1829. 

Gensanne, 1730. — By the gravity of water and the impulse 
of a falling weight, Gensanne made the steam-valve and 
injection -cock self-acting. On each end of a lever fitted to 
the water-cistern were water-buckets with a valve in the 
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bottom, and in the cistern were also valves which the backets 
opened so that as one backet was filled and descended by its 
gravity, the other was emptied and ascended. 

The backet-valve was opened by the gab or fork of a bell- 
crank lever, which had a weight on its vertical end, and on 
beginning to ascend, the weight, or " tumbling-bob,'* was 
set at liberty, and the fork gave a smart jerk to the ascend- 
ing levers. 

The motion thas obtained was conveyed by another lever 
and parallel side-rods to open the valve by a gab or fork, 
and the injection-cock by a slotted lever, at the proper 
times. This is the first " gab '* motion we have met with for 
working valves. 

M. de Moara also constracted another self-acting apparatus 
of this class, but nsing a floating copper ball to give a mo- 
tion outside corresponding to the rbe and fall of the water in 
the receiving cistern. 

Jonathan HuUs, 1736. — We have seen that various modes 
of propelling ships by paddle-wheels or revolving oars had 
been proposed, using steam or other power to move them. 
In 1736 Hulls made a vigorous effort to apply a single- 
acting steam-engine to propel ships. This plan was to pro- 
dace rotation by ratchet-wheels aided by a weight, whereby 
to move a central paddle-wheel in deep water, or two poles 
alternately thrust against the ground by a double-crank axle 
in shallow water. As the ratchet-motion was much ased 
until superseded by the crank, fly-wheel, and double-acting 
cylinder, its action will be explained by its modern adapta- 
tion to a very useful boring-brace in all confined corners, 
where a crank-handled brace could not be turned round. 

The ratchet-wheel A, Fig. 30, is fixed on the boring- 
spindle B. The detent or catch is jointed to the handle 
D, and kept against the ratchet by the spring E. The 
handle moves freely round £ towards A, without moving it. 
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it, in the direction of the handle of the ratchet teeth, as the 
detent has no bite ; bnt when moved in the contrar; direc- 
tion, the detent acts directly against the teeth, and earrtea 



Fis. 30.— Batchet-motion . 

round the ratchet and drill with it about one quarter revo- 
lution to F. The handle is then moved back to ohtaia 
another bite, and so on consecutively, hot losing as mnch 
time in stopping aa in rotating. 

Now two handles witli detents moved alternately wonld 
prodace continuous rotaUon, 
and on this principle Halls, 
Wasborongh and others oh* 
tained rotation from a single- 
ncling cylinder. Fig. 31 shows 
Hiilla's plan. A, the steam 
cylinder, whose piston is con- 
nected by a rope to the central 
pulley on B, and the two end 
pulleys by other ropes to the 
loose pulleys 3 i on the pad- 
. die-wheel shaft, on which are 
fixed the ratchet-wheels 1 2, 
into which the loose wheel 
detents full stnillar to the ratchet-brace. As the air forces 
round the piston it moves B round one quarter turn, and wilh 
it the paddle, shaft by means of the pulley 4 and ratchet 1 




— null's Steam-boaf, II 
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Steam is then admitted to raise the piston, when the weight 
W works round the pulley 3 and ratchet 2 to keep up the 
rotation of the paddle-shaft. In shallow water the cranked 
axle and pole 5 6 were substituted for the paddle-wheel. 

1739_1760.— In 1739, Belidor wrote a history of the 
steam-engine ; and in 1741 Payne investigated the density 
of steam with considerable accuracy. 

His spherical balloon-shaped steam-generator rested on 
its point, and had a vertical rotatory tube, through which 
water ascended to a horizontal tube above the generator, from 
whose ends it dropped on the top of the hot generator, to 
produce spheroidal steam, — a plan again revived. 

Experiments made at Newcastle and at Wednesbury are 
said to have realised the then high evaporation of 8 lbs. of 
water by 1 lb. of coals. 

In 1740 Dr. Hale suggested, and Fitzgerald tried to 
introduce, air into steam boilers to promote economy, but 
their bellows were not sufficiently powerfnl to overcome the 
resistance of the steam. 

In 1845, Mr. Wilkinson, and more recently Dr. Houston, 
have both patented modifications of this plan of combining 
air and steam to work an engine. 

In 1751, Blake discussed the proportion of cylinders. In 
1752, Bernouilli proposed an angular ship propeller on the 
principle of windmill vanes, to be driven by steam or other 
power : and in 1758, Emerson investigated the construction 
of steam-engines. In 1759, Brindley proposed stone and 
wood boilers, with cast-iron fireplaces and fiue-tubes, to 
prevent loss of heat by external radiation. The bottom was 
of stone, and the sides and top of wood. Others were of 
stone, or bricks, cemented together. From the internal fire 
copper tubes passed through the water to the chimney, as in 
modern locomotive boilers. 

In 1757, as part of an improved plan of Papin*8 rotation by 
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Fig. 32.— Fitzgerald's Fly-wheel, 1757. 



racks and pinions, Fitzgerald added the fly-wheel, Fig. 32, 
which now forms a pronnnent part of fixed engines. To 
make it effective in regulating the velocity of the engine, 
it is made with light arms, and a heavy rim, £ F, that it 
may absorb power when the piston is at its greatest velocity, 

and give oat its accnma- 
lated centrifngal force to 
continue the rotation when 
the piston has no velocity, 
at each taming point of its 
stroke. For instance, a 
stone swang roand in a 
sling acquires a force which 
propels it beyond the limit 
which one unaided mus- 
cular effort of the hand and 
arm would have done; so, 
in like manner, the fly- 
wheel accumulates a force which continues the motion of 
the machinery when the piston itself could not do so. D, 
the engine beam, A B, the sun and planet motion. 

In 17G0, Genevas proposed a compressed spring propeller 
for naval locomotion, and a '' winged cart " for land locomo- 
tion, which has been practically tried more than once during 
the present century. 

Dr. Black, 1762, — The properties of heat and steam were 
alily investigated by Dr. Black, who propounded the well- 
known doctrine of latent heat. A modern instance has been 
discussed of the extent to which the term "latent" is 
popularly used occurred at a trial of the Midland Railway 
Company *s servants on account of a fatal accident. In 
answer to counsel, the Company's foreman stated his in- 
ability to speak positively to the condition of the piston, 
as it was ** * latent* in the cylinder.*' On being asked what 
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be meant by " latent," he repliedjiat if the learned conoBel 
would place his papers inaide hia nat, od his head, he should 
any the papers were " latent " in the hat. In this sense the 
heat in steam may be called " latent," althongh known to be 
there in a difFased state, 

Blakey, 1756. — Blakey introduced tubular boilers, con- 
taining the water in the small tubes, a, a, a, Fig. 33, ronnd 
which the flame and 
hot gases psEied to the 
chimney. 

To keep the steam 
cylinder hot, he added 
an upper one, D, and 
employed air or oil as 
a piston between the 
water in E and Bti?am 
in D. The rise and 
fall of the water in E 
he ingeniously arranged 
to open and ebnt the 
necessary cocks. The 
action was by admitting 
steam into !D, which by 
its pressnre on the aljrial 

or oily piston forced the water oat of E op the pipe F, and 
E was filled again from the well, as in Savary's engine. 

This tubular idea of boilers has been successfully carried 
out, sometimes with the water surroonding the tubes as in 
locomotive boilers, or by having the water in the tubes as in 
Woolfe's, Qnrney's, or Alban's boilers. 

Stmaton, 1765. — The careFal experimentB made by this 
celebrated engineer reduced the performances of the steam- 
engine to the weight and measure suggested by Morland. 
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His experimental engine of one-horse power evaporated 
&^ lbs. of water by 1 lb. of coab, and requirsJ nearly 11 
timea more water for condenaing than for generating tlie 
ateaiD. It produced the greatest effect with a presrare of 
aboat 8 Ibe. above the atmospbere. He also determined 
the relative steaming value of different coala. 

This information enabled him to improve the varions de- 
tails of the atmoapberic engine and ita boiler, which he 
adapted for portable ae 
well as for fixed duty. 
One of them erected at 
Long Benton (North- 
umberland) in 1772, 
realised a daty of lifting 
112,600 lbs. of water 
one foot high by 1 lb. 
of coals, equivalent to 
12,600,000 Ibe. raised 
one foot high by 112 lbs. 
of coal. 

In 177S he erected a 

very large engine at 

Chacewater, Fig. 34, 

having a cylinder of 

C feet diameter and 10^ 

Eig.M.-8mestaD,ms. feet Stroke. The beam 

D was made of twenty 

pieces of timber strongly bolted together. The cylinder C 

was firmly fixed to the side beams 1, 2, as well as on its 

end sapporls on the boiler B. The mine pump was attached 

to the rod R, and another pump 8 riuaed water to the 

cistern I, from condensation by injection into the cylinder. 

The rod V worked the steam and injection valves. 

The action of the engine was the aame as in Newccmen'a, 
air being the principal motive power. 
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In some of his boilers Smeaton inclosed the fire, and sup- 
plied the fuel by a feeding-tnbe, with the good result of 
7'83 lbs. of water evaporated T)y 1 lb. of coals. 

Ougnot, 1763 — 1771.— In 1763 this French engineer 
made a model of a steam locomotive, and in 1770 the 
French government had one constructed at the Paris arsenal, 
tried in 1771, and then laid aside. Through the favour of 
Monsieur Morin, Director-General of the Oonservatoire of 
Arts and Machinery in Paris, illustrations of this first 
piston locomotive engine practically tried will be given in 
the next chapter. 

The piston rods worked downwards, as afterwards adopted 
in Cornwall by Bull, to evade Watt's patent, and now in 
pendulous engines by various makers. 

The inventor became reduced to poverty, and had a small 
pension from government ; but the revolution stopped this, 
and a humane lady of Brussels relieved him until Napoleon 
granted him a larger pension than he had lost, but still only 
about £42 yearly. 

Watt, 1762 — 1800. — This very distinguished mechanical 
engineer was born at Greenock, in 1730, and died at his 
residence near Birmingham in 1819, after a long life spent 
in adding immensely to his country's resources. At Glasgow 
he became early acquainted with Dr. Robison, who, in 1759, 
suggested to Watt the application of steam to propel wheeled 
carriages. Like the earlier idea of Sir Isaac Newton, that 
steam could be made to produce locomotion, this suggestion 
was not practically followed up. The value of Britain's 
mineral produce rendered the application of steam to clear 
mines of water a more immediately interesting subject, to 
which Watt directed all his energies, with a success which 
iistonished the world; the leading defect of Newcomen's 
engine, as improved by Smeaton, was the loss of heat arising 
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from condenuDf; the steam in the working cylinder. By 
carefol experiments it was foand (hat this loas amonated to 
aboat 32 per cent. ; the steam beiof; condensed in re-heating 
the cylinder each stroke, besides the loss of time in doing ao. 
In this state Watt found the steam-engine, and by his vast 
improvements stamped his name Qpon it as if it had been hit 
own original invention. 



Fig. 35. -■Walt, ir«D. 

On models of Papin'a bigfa'presanre and Newcomen's 
low-preaeuro engines lie tried several experiments, wliich, 
from appreliension of danger from high-preBSure atearo, 
determined bim in favour of low-preuare engines. 

After several trials on condensing the steam in another 
vessel connected with tbe cylinder, in 1769 Watt patented 
the addition of a separate condenser, 0, Fig. 35, to New- 
oomeu's engine. The condensed steam, injected water and 
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air were withdrawn from the condenser C, through a foot 
valve, by the air-pump A, to the hot well, from which a 
feed-pump supplied the boiler B. The pump H supplied 
the condensing water to the cistern, in which the air-pump 
and condenser are fixed. The conical steam-valve 1, the 
equilibrium passage-valve 2, the condenser passage-valve 3, 
and the injection -cock 4, were all opened and shut by 
suitable levers, worked by the air-pump rod. To maintain 
the temperature of the cylinder equal to that of the steam. 
Watt closed its top with a cover, having a central stuffing- 
box through which the piston-rod worked steam-tight. He 
also surrounded it with a "jacket" of wood or other non- 
conducting material, having steam between the jacket and 
cylinder. The air being thus excluded from the cylinder, 
the steam had to perform the duty done by the air in New- 
comen's engine. The steam, therefore, entered by the top 
valve 1, to press down the piston and raise the water from 
the mine by the pump M, and to the boiler and injection- 
cistern by their pumps. The equilibrium passage -valve 2 
was then opened, that the steam might pass to both sides of 
the piston, and the counterpoise weight W raise it and the 
air-cistern to the tops of their respective cylinders again. 
The equilibrium passage-valve 2 was then shut, and the 
steam-valve 1, condenser passage-valve 3, and injection- 
cock all opened, that the steam below the piston might 
pass to the condenser, and steam from the boiler to force 
down the piston again, as seen in the figure. The air-pump 
kept a vacuum in the condenser equal to about 12 lbs. 
pressure per square inch, which with rapid condensation 
and a hot cylinder saved the 32 per cent, lost by condensing 
in the cylinder, besides the gain in time — a very important 
step in advance of previous engines. Still this engine was 
only single-acting, that is giving out power during the 
downward, but none during the upward stroke of the 
piston. 
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Watt aUo propoted k roUtory engine, hy hkving a piston 
working round a circnlar channel connected with the boiler 
and oondenaer, with valvea, which were opened and ihnt by 
the eteam and piston; bat the valves were foand to fail, and 
the piston to be injured in passing over the ports. Another 
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Wstf « Donble-MUng CTlinasn, vm, and Hnrfoat* Slide Vali™, 1799. 

plan was, by cansing the steam to tMse waUr through valves, 
as in Amonton's hot-wr rotatory, bnt it was found to give out 
only a limited power. The donble-acting cylinder was then 
invented, oe supplying mouh of what was sought for by the 
rotatory class of engines. 
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By making the equilibrium -passage a steam -pipe or chest 
to admit steam alternately above and below the piston, with 
equal facility of escape to the condenser, in 1782 Watt made 
the steam both raise and force down the piston, thereby giving 
out power in both directions. This judicious improvement 
constitutes the double-acting engine. Fig. 36 is a sectional 
view of a double-acting cylinder, having the steam entering 
at S and passing by h below the piston, and the condenser 
passage a e open to the top of the piston. 

In Fig. 37 the steam-passage is open by a to the upper 
side of the piston, and the condenser-passage by t from below 
the piston. The conical valves, as in Fig. 35, worked from 
the beam, opened and closed the steam -passages until Mur- 
dock, one of Watt's able assistants, introduced the eccentric 
motion and long D slide valve in 1799. Figs. 38 and 39 are 
sections of the long D slide valve. 

The flat faces h i slide over the cylinder steam-passages a h, 
alternately opening them to the cylinder, and from the 
cylinder to the condenser. The convex stuffed faces k k 
press slightly against the steam -chest cover to keep the faces 
h % steam-tight over the passages or ** ports " (as they are 
called) leading to the cylinder. 

Whilst the single-acting force was downward, a chain 
conveniently connected the piston-rod to the beam, but as a 
flexible chain could not communicate upward motion. Watt 
tried a racked piston-rod worked by a toothed sector on the 
beam end. This proving noisy, and being easily deranged, in 
1784 he patented the beautiful arrangement of levers, called 
the parallel motion, whereby to connect the vertical motion of 
the piston-rod to the circular motion of the end of the beam. 
By making A £ and D, Fig. 40, of equal lengths, but 
moving in opposite fixed centres, A G, the convexity of their 
equal curves would be opposite each other, when the centres 
A were in the same plane. 

On connecting them together by the link E D, its centre 
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would move nearly in a right line. Another nearly vertical 

point IB obtained 
by making B F 
equal to £ D, 
and D P to B D. 
The centres of 
E D and B F 
would then move 
parallel to each 
other, but as B 
is a greater dis- 
tance from the 
Kg. 40.-Watt'8 Paiaitei Motioa. centre of motion. 

A, than E is, it would move through a greater height. 

In practice, the radius rod centre, G, is fixed near the 
line of the piston-rod, and the length of B F below the 
plane of A, that the links may be arranged to make F d the 
neutral points of the opposite curves. 

The piston-rod is usually attached to the point F, and the 
air-pnmp rod to the point d, but the points may be varied 
according to the stroke required. 

Parallel motions for beam engines, more geometrically 
accurate but also more complex than Watt's, have been pro- 
posed, and some of them tried, but failed to compete with it 
for simplicity and durability. To guard against irregular 
generation of steam affecting the motion of the engine, 
Watt introduced the throttle valve, worked by the governor 
previously employed in corn-mills to regulate the velocity ot 
the stones. 

In Fig. 41 the vertical shaft D is connected directly by 
the pulley A B to the fly-wheel shaft, that their velocities 
may be proportional to each other. The balls I I are 
jointed to D at H, and by the short levers F F to the sliding 
socket H. The lever E N moves on its centre L and con- 
nects the sliding socket H to the throttle vaive T in the 
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Bteam-pipe M. When the velocity of the engine increaaea, 
the balk recede from each other in the guides G G, as they 



Fig. 11. 

itccnmulate centrifugal power, and drow down the socket H, 

which, by the lever E, partially closes the 

valve, as in the figure, and checks the 

flow of steam to the cylinder. When 

the velocity of the engine decreases the 

balls approach each other and raise K as 

they give out their acquired power, which 

opens the throttle valve for a free admia- 

sion of steam to the cylinder. 

Another form is by connecting the balls 
to the upper part of the vertical ahnft, 
A a, Fig. 42, with the sliding socket, S, 
below. Single links, g g, then connect Fig. «,— agTeraor, 
8 with the balls, and bevel gear, C G, 
either at the top or bclnw, couLioct the governor with the 
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fly-wheel. The action of the governor is both delicate and 
good. 

Combined with Fitzgerald's fly-wheel, these admirable in- 
ventions made the steam-engine so regular in its movements, 
that it became very desirable to apply it to give motion to 
machinery. Papin, Hulls, Wasbrough, Watt, and others, 
had all given more or less attention to convert its reciproca- 
tion into rotation, with no better result than the ratchet 
rotation, when James Pickard solved the problem in 1780 
by applying the crank and connecting-rod to the steam- 
engine. He afterwards entered into partnership with Was- 
brongb, of Bristol, and several engines were erected under 
Pickard*8 patent. 

Watt, however, complained that the crank was part of his 
design, unfairly obtained through one of his workmen, but 
rather than cause litigation, he invented and used the sun 
and planet rotatory motion during the existence of Pickard's 
patent, which rendered it of comparatively little value to the 
patentee, although a valuable arrangement. 

The peculiar action of the sun and planet motion is 
deserving of notice. The sun -wheel A, Fig. 43, is fixed on 

the fly-wheel shaft, and the planet- 
wheel B is attached to the connecting- 
rod leading to the beam. A separate 
/* 1 JZ^!34^\ \ \link, D, connects the wheel A B of 
i ^"-^ y\J j I equal diameter and teeth together, that 

revolution. Planet-like, the wheel £ 
revolves round the central wheel A, 
and as the centre of B's circuit is the 
periphery or circumference of A, the 
ratio of the diameters of their respective circles of revolution 
is as 2 to 1. Hence the sun-wheel revolves twice round its 
own axis whilst the planet-wheel revolves once round the 
sun-wheel. 



c 




Fig. 48. 
Snn and Planet Motion. 
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This is an advantage not possessed by the crank for 
working with a slow motion of the piston and light fly- 
wheel. The crank is, however, more simple and darable, 
which has led to its general adoption for converting recipro- 
cating into rotatory motion. 

After the first saccessful application of steam-engines to 
machinery, more graceful forms and superior finish were 
given to the various parts by Watt, until the steam-engine 
became a beautiful as well as a useful machine. 

Little alteration either in the action or details of condens- 
ing beam-engines has taken place since Watt's time. It 
may, however, be remarked, that one of his best engines 
applied to Mr. Lacy's flour-mill^ at Birmingham, was found 
to produce more coarse flour in grinding wheat than was 
done by water-power. This irregularity of motion was 
cleverly remedied by Mr. Buckle, one of Watt's pupils. To 
the fly-wheel shaft. A, Fig. 44, by means of the toothed 
wheels, B. 0, and lever D E, 
he connected an atn^ospheric 
cylinder F. The wheel B had 
twice the number of teeth in 
0, that their revolutions might 
be made in equal times. When 
the velocity of the engine tended 
to increase it, it had to raise 

the piston, P, against the air, but when the velocity tended 
to decrease, the pressing the air on P gave out power to B. 
This greatly improved the regular action of the engine, and 
secured the desired end of increasing the proportion of flne 
flour. 

In small engines the beam is dispensed with, and fixed 
guides are used for the parallel motion. They are variously 
arranged according to taste or the duty required, but are all 
double-acting and alike as regards the action of the steam. 
Boilers have varied and still vary considerably. Newcomen 




Fig. 4i.— Buckle. 
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and Smeafon employed a circular form with a convex top 
like a haycock, hnt Watt adopted a form resemhling a 
covered waggon, from which it took its name. By improved 
flue, and other arrangements, the evaporation was increased 
to 8*6 lbs. of water by 1 lb. of coals, or 9*4 per cent more 
than Smeaton's.* 

Fig. 45 is a transverse and Fig. 46 a longitudinal section 
of a waggon boiler, with its modern self-acting feeding appa- 
ratus. One mode of feeding a high-pressure boiler without a 
pump has been explained by Fig. 28, and the plan of feeding 
a low-pressure boiler by its own action, without a pump, 
now claims our attention. The principle is by a column of 
water equal in weight to balance the pressure of the steam 
in the boiler. As has been shown, a column of water 34 ft. 
high has a pressure of 14| lbs. per square inch, which gives 
2'3 ft. high for each 1 lb. of pressure in the boiler above 
the atmosphere, or 23 ft. for 10 lbs. pressure, besides the 
allowance necessary in practice. At the top of this columnal 
pipe I, and between it and the water cistern, a valve k is 
fitted, and kept in its seat by the weight w, whilst the other 
end of the lever v is connected to the stone float m in the 
boiler. 

When the water falls low the float follows it and opens 

* It may be mentioned here that in 1782 Mr. Achard, and in 1790 
M. Bettanconrt, investigated the comparative properties of the yapoura 
from water and from alcohol. 

In 1790 M. Pronig wrote on the steam-engine, on the force of steam 
of different temperatures, and on combustion. 

In 1793 Mr. Curr had an engine constructed on Bavary's plan, 
which raised 120,000 lbs. of water one foot high by 1 lb. of coals, or 
about one-half of what Watt's engine did. 

In 1795 Mr. Banks wrote on the useful effect of atmospheric engines, 
and in 1803 on the strength of the parts of engines. 

In 1797 Mr. Ourr gave the proportions of a 61-inch cylinder engine, 
capable of lifting 130,000 lbs. one foot high by 1 lb. of coals; and in 
1801 Mr. Dalton published tables of the force of steam of different 
temperatures, which, with Mr. Southern's steam tables, have been 
superseded by those of M. Kegnault, of France. 
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the valve k to admit water, but whan the wafer raises Ihe 



Fig. It.— Waggon fioilo—Tniuvena SMtlon. 

float tbe teneion on v is relieved, and the valve k is closed by 
w to exchi<]e the water. The water in the boiler is thus 
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made to regaUte its own aopply. The flae damper in «bo 



H^. IR-Waggtm Boflet^Longi^iKliiul Bsstlm. 

ingenionflly worked by the float o, in tUe columti of water in 
I, pawing by a line, over tbe pnlleys j 5 to the damper. The 
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height of the water in I depending npon the pressure in the 
boiler, when that presstire increases and raises the water, the 
damper falls and partially shats the flae to checli the draught 
on the fire ; but if the steam pressure decrease, the water 
falls, and the damper is raised to increase the draught and 
combustion. Two steelyard safety -valves, g, k, i, p, and 



— Waggon Boiler— PBrspeotlve View. 



X, y, z, regulate the pressure in the boiler, e e, the gauge- 
cocks ; S, the steam-pipe leading to the engine. 

Fig. 47 is a perspective view of the completo self-acting 
waggon boiler, partly in section to show the water, fire- 
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grate, and construction. To the left is shown a mercnrial 
syphon gauge, and a glass gauge is also now nsnally placet! 
in front to show by sight the height of the water in the 
boiler. 
Fig. 48 is a glass gauge employed both on locomotive and 

stationary boilers, t^t the height of the 
water may be seen, a a, two stuffing* 
sockets, into which the glass tube is fitted 
steam-tight It is connected to the front 
of the boiler by the cocks r r, and the cock 
« is for blowing through the tube or 
clearing it The lower cock admits the 
water, and the upper one the steam, that 
their relative position may be the same in 
the tube as in the boiler. The water 
should always be some height in the glass 
tube, and at a recent fatal accident at 
Bristol the witnesses remarked that the 
boiler was out of gauge, signifying that 
the water could not be seen in the glass. 
This is a dangerous state, requiring care- 
ful but instant precaution to be taken to prevent an accident. 
In 1776 Watt introduced the expansive action of steam 
cut off from the boiler, at Soho and other places. He cal- 
culated that when cut off at half-stroke the performance 
would be as 1*7, at one-quarter stroke as 2*4, and at one* 
seventh stroke as 3 in economy as compared with admitting 
steam during the whole length of the stroke. In 1778 one 
of them was erected at Shad well Water-works, and in 1781 
Hornblower patented the same principle, but expanded the 
steam in a second cylinder, which led Watt to patent his 
single-cylinder plan of expansion in 1782. 

We have pointed out that the generation of steam and its 
economical employment were two distinct processes, each re* 
quiring to be duly attended to. This is very clearly shown 




Fig. 48. 
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in Watt*6 Buccess, and also in the more recent corresponding 
success over Wattes engines. His first double-acting engine, 
erected at Albion Mills, London, realised a daty equal to 
raising 229,971 lbs. 1 ft high, or rather more than double 
6meaton*s Long Benton engine. Yet there was barely 
10 per cent, of this gained by Watt's boiler, leaving 90 per 
cent due to the more economical application of the steam 
after it was generated. 

With such able rivals as Smeaton, Hornblower, Trevithick, 
Bramah, Wasbrough, and others, often disputing the vali- 
dity of his patents, or seeking to evade them, Watt*s 
ultimate success has imperishably associated him with the 
steam-engine. 

It should not, however, be forgotten, that but for the 
business habits and ample fortune of Boulton, his partner, 
Watt could not have maintained a struggle which involved 
an expenditure of about £78,000 to defend his patent rights 
and introduce his engines before any profit was realised. 
This enormous expenditure led to a renewal of his patents 
by the Privy Oouncil. 

1774 — 1800. — During the time that Watt was carrying 
out his steam-engine improvements other engineers were 
also engaged in the same field, both in France, in America, 
and in Great Britain, some of which will be noticed. 

In 1774, Oompte Auxeim and Perrier, of France, con- 
structed and tried a paddle-wheel steamboat, but did not 
persevere with it In 1776, Bushnell, of America, proposed 
a screw propeller for ships, which gave them a backward or 
forward motion, by reversing the revolution of the screw. 

In 1776, Wasbrough, of Bristol, a rival of Watt, proposed 
to propel ships, raise water, or drive mills, by steam-engines 
with a ratchet-wheel rotation. 

This enterprising engineer erected several of this class of 
high-pressure engines, and in 1781 was desired to fit one up 
at Deptford for the government, where soon after Watt 
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appeared as a competitor, and Smeaton as a oonsolting engi- 
neer. On the ground that no reciprocating lever conld pro- 
duce "perfect circular** motion, Smeaton recommended that 
a water-wheel should drive the machinery, and a steam- 
engine raise the water to drive the wheel. 

In 1781, a steamboat, 140 ft. long, was successfully worked 
on the Soane in France by the Marquis De Jeuffrey. 

Bbrnhlower, 1781. — ^The introduction of Watt's pumping 
engines into Cornwall, accompanied by Murdock, ezdted 
much local emulation to compete with or excel them, which 
has led to the great economy of modem Oornish engines. 
Amongst those local engineers, Hornblower, during Watt's 
patents, and Trevithick, principally after their expiration, 
most distinguished themselves, 

In 1781, Hornblower patented a judicious arrangement of 
an additional cylinder, wherein to employ the expansive 
force of steam after it had done its duty in a smaller cylinder,' 
on the plan of two cylinders, for the expansive action of 
steam. 

For a section of the cylinders as improved by W^oolfe, 
see Fig. 62, page 66. 

The principle of expansion, the condenser, cylinder-pass- 
ages, and details were all so similar to Watt's single-acting 
engine, that after a lawsuit he obtained payment for the use 
of his patents in Hornblower's engines, which were also only 
of the single-acting class. 

The beam, mine-pump, counterpoise-weight, and chain 
connection, being similar to Watt's, need not be further 
described. 

Besides Hornblower, various engineers attempted to con- 
struct efficient engines without infringing Watt's patents, but 
they nearly all failed to do so with low-pressnre steam 
without a separate condenser. 

Ilornblower's rotatory engine had two movable pistons 
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alternately moving roiinfl the steam cylinder, and acting as 
^abutment valv'jg to each other. A tappet valve in each piston 
was opened as it came in contact with the abutment one, 
which was then also set at libertv, and the other arrested bv 
sliding levers behind it, and so on alternately. 

Branidh, 1783— 1797.— Braraah, another rival of Watt, 
proposed to propel ships either by paddle-wheels or by a 
screw, on the principle of the smoke-jack vanes. He also 
improved the construction of the two-way cock of Papin, by 
making it turn quite round, to equalise the wear. 

His letter of 1797 to Sir J. Eyre, Chief Justice of the 
Common Pleas, strongly urging the demolition of Watt's 
patent, is one amongst many instances of one engineer seek« 
ing by casuistical pleading to injure another from interested 
motives. 

Bramah's chief objections were, that Watt*s engine was 
much more complete than the specification in detail, more 
particularly in, Ist, the cylinder top being closed; 2nd, 
ingenious piston and valve -rod stuffing-boxes in the covers ; 
3rd, gun-metal valves curiously worked ; 4th, stoppage of the 
engine by any one defect; 6th, construction of stuffing- 
boxes ; 6th, cylinder bottom closed, and steam acting above 
and below the piston ; 7th, the *' cuning " condenser, valves, 
and pumps. He concluded by declaring his inability U 
make an engine by the specification, and that the paten 
was thus invalid, but failed in the attempt to convince th^ 
Court. 

Bramah also proposed three varieties of a rotatory engine, 
by a piston moving round a steam chamber divided into two 
parts, alternately opened to the boiler and to the condenser 
by slide valves working at right angles to the piston, and 
alternately pressed against it by an eccentric motion. He is, 
however, now chiefly remembered for his hydraulic press and 
Ilia celebrated lock. 
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FiUh, 1783— 1788.— In 1783, Pitcb, an American, pro- 
posed a steamboat with six oar-propellers on each side, and 
so arranged that each opposite three should work simnl* 
taneonsly, and enter the water as the other six were leaving 
it. Motion was given to the oars by a steam-engine with 
twelve-inch horizontal cylinder and three-feet stroke, working 
a wheel 18 in. in diameter, suitably connected to the oars. 
In 1783, he moved a boat by paddles on the Delaware : and 
on trial at Philadelphia, in 1789, a speed of eight miles an hour 
was obtained ; but Fitch's supporters having left him, he fell 
into poverty, and in despair drowned himself. 

Eumse^, 1784 — 1793. — Rumsey's American steamboat 
was propelled either by poles in shallow water, or on Hull's 
plan, or by pumping water in and out of a pipe along the 
bottom of the vessel. The pump was 2.ft. in diameter ; and 
during the upward stroke the water entered by a valve, 
which was shut by the returning stroke, and the water ex- 
pelled at an orifice about six inches square in the stern of the 
vessel. In 1793, a speed of four miles an hour was realised 
on the Thames, against the wind and tide, by one of Rumsey's 
boats. 

Oliver Evans, 1784— 1804.— While Watt was devoting 
his talents to the steam-engine in Great Britain, a kindred 
spirit in America, Oliver Evans, was devoting all his energies 
also to extend its usefulness in the New World. Watt pre- 
ferred low-pressure steam ; Evans, high-pressure steam. 

Strongly impressed with the locomotive capabilities of 
high-pressure steam-engines to move ships or waggons, in 
vain Evans sought to obtain pecuniary .means to test his 
ideas. His locomotive opinions were derided as emanating 
from insanity, and he found no Boulton to aid genius strug- 
gling against poverty and prejudice. He introduced the 
cylindrical boiler with an internal flue, and leading back below 
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the boiler to the chimney. To further economize fiiel, the 
exhanst steam was. made to pass spirally through a pipe in a 
cistern of water to heat it for the boiler, as also done by 
Trevithick afterwards. 

In 1804 he showed the capability of hi^ engines for both 
land and river locomotion, by temporarily fitting one of them 
on a rough waggon, and afterwards in a boat. 

Murdock, 1784:— 1789.— This able assistant of Watt sur- 
vived him about twenty years, leaving a name intimately 
associated with Watt's steam-engine in Cornwall, where he 
was much respected. The eccentric motion and long D 
slide-valve were his invention, and as a modification of this 
plan is employed in locomotives, its action will be explained. 
The hole A in the circular sheave B D is at some distance 
from its centre E, which gives it an eccentric motion round 
the crank shaft A, on which 
it is fixed. Since A is the 
centre of motion and E the 
centre of the sheave, the dis- 
tance between them is equal ^ ^ 

in efiTect to a crank. If that rig. 49.— Murdock'e Valye-gear. 

distance is two and a half 

inches on each side of A during each revolution, the point 
P of the eccentric strap and rod, B C, D F (fitted so as to 
move easily round the sheave E), would move 5 inches, thus 
converting rotatory into rectilinear motion. 

For vertical cylinders the levers F G H, fixed on the centre 
G, connect the eccentric rod with the slide-valve rod <, 
Fig. 49. For horizontal cylinders, the connection may be 
direct, or by intermediate mechanism, as will be shown. 

Murdoch's rotatory engine consisted of two toothed wheels 
working in a steam-tight casing, and gearing into each other. 
The steam enters directly against the teeth then in gear, and, 
forcing them round, passes out at the other side to a condenser. 
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The cylindrical Blide -valve, the cylinder boring-bar^ and 
iron cement for Bteam-pipe joints, were a few of his contri- 
butions to the steaiu-cugiue. 

He also introduced gas, and the brilliant gas illumination 
of the Soho works at the peace of Amiens attracted universal 
attention. A model of an oscillating engine, and also a 
model of a locomotive engine, both made by Murdock in 




Fig. 50.— Peim*8 Oscillating Engine. 

1785, were exhibited in the Industrial Palace as the earliest 
working models of these engines in this countiy. Tike 
locomotive model will be described in the next chapter. 
The object of the oscillating cyclinder G, Fig. 50, is to keep 
the piston-rod in a line with the crank-pin, without a parallel 
motion or separate connecting-rod. For this purpose the 
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cylinder is snspeniled on two hollow centres, whicli serve sb 
iteam-itaSBages. When tlie crank is at ita greatest angle 
the cylinder takes tbe same angle, and in like manner at the 
opposite extreme, or any other part of the revolution. The 
oBcillating engine early constructed by Measrs. Penn, of 
Greenwich, is shown in Fig. 50. 

Messrs. Joyce, of Greenwich, constructed a double- 
cylinder pendulons OBCiU 
lating engine of 40 horse 
power. The peuduloua 
engine is so called from 
its cylinder being sns' 
pended from its top end 
on centres like a pen- 
dnlam, with the piston- 
rod working out below. 

Fig. 61 is a front 
view of one of Joyce's 
■ingle -cylinder pendu- 
lous engines, showing its 
arrangement and mode 
of action. 

PalriekMiaeT, 1787— 
179C.— Thiff enterpris- 
ing Scottish gentleman 
spent about ^30,0C0 in 
seeking to improve the 
naval and arliUery de- 
fences of the nation, yet. Fig. si.-JoyceiPMidoloiuBDBiM. 
hke many poor inventors, 

he was neglected. The carronade was Mr. Miller's inven- 
tion ; and in naval efforts he constructed some twin and 
treble keeled paddle-boats. With two keels, the paddle- 
wheel worked between the keels; and with three keels, 
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one paddle-wheel on each side of the central keel. The 
keeb were made to work simuItaneoaBly hy one steera- 
man. With a donhle-keeled boat a speed of four miles an 
hoar was obtained in the Frith of Forth, by five men working 
the paddles by a capstan. The boat was 60 ft. long and 
16 ft. wide. 

In these experiments he was actively seconded by his 
children's tutor, Mr. Taylor, who snccessfolly urged him to 
employ a steam-engine to tnrn the paddle-wheels. In 1788 
the first trial was made on Dalswinton Lake, in a double 
pleasure-boat, worked by one of Symington's ratchet-motion 
engines with a four-inch cylinder. With this very small 
engine a speed of five miles an hour was obtained, which led 
to a double engine of the same class, with eighteen-inch 
cylinders, being applied to a boat on the Forth and Olyde 
Canal in 1789-90, and a speed of seven miles an hour realised. 
Whether the cost of these (rials had exhausted Mr. Miller's 
resources, and a gentlemanly delicacy prevented his solicit- 
ing aid, or other causes operated to induce him to give up 
his steamboat experiments when they had thus proved 
successful, is not known ; but from this time he turned his 
attention principally to agricultural affairs. Mr. Taylor 
received a pension of £50 per annum from Lord Liverpool ; 
and in 1837 each of his four daughters received £50 as a 
gift from Lord Melbourne's government, for his aid in intro- 
ducing steamboats. 

Earl Stanhope, 1790. — As a practitioner in science and 
art this nobleman holds a high position, regarding it as more 
honourable to gain an independence as a mechanic than live 
upon the bounty of friends or on the public purse. 

In 1795 he tried a steamboat moved by paddles, which 
opened to act against the water, but closed to be drawn 
through it, like a duck's foot, and with a flat-bottomed boat 
attained a speed of three miles an hour. B. Fulton, the 
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American steamboat engineer, showed his lordship draw- 
ings of a steamboat in 1793-4:, and it is said urged the 
advantage of paddle-wheels over the duck-foot oars, but 
without effect. 

Sadler^ 1792. — Sadler proposed rotation by steam issuing 
from arms, at great velocity within a case, and renewing 
the motion by condensing the steam internally, so that the 
air became the motive power. His reciprocating engine had 
no beam or parallel motion, but had vertical guides for the 
piston and air-pump rods to work on by small wheels. The 
air-pump rod was extended to give motion to a lever pressing 
the valves and cocks. Although inferior to Watt's, yet, in 
a competition, the naval authorities preferred Sadler's engine 
to that of Watt at that time. 

Nuncarrow proposed an ingenious plan of applying a con- 
denser to Savary's engine, for raising water to turn a wheel 
and drive machinery from this water-wheel. 

Fenton Murray and Wood, of Leeds, improved the details 
of the valves, air-pumps, and boilers, along with horizontal 
cylinders, where most convenient. They also fitted a 
throttle-valve in the chimney, worked by a small cylinder 
fitted on the boiler, which partially closed the chimney when 
the steam was high, but left it open when steam was low in 
the boiler. 

J. Robertson, of Glasgow, proposed a long cylinder with 
two pistons, that the steam, which usually escaped past the 
upper piston, might act on the second one, and erected some 
engines on this plan, which worked satisfactorily, until a 
better class of pistons and cylinders rendered such a plan 
unnecessary. 

At the expiry of Watt's patent, there were only about 
1,400 horse-power of his engines at w^ork in London, Man- 
chester, and Leeds, so much had prejudice and interest done 
in retarding the general introduction of this valuable machine. 
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Woolfe^ 1796 — 1804 — By making Hornblower's engine 
double-acting, like Watt's, and using higher pressed steam 
generated in an improved tubular boiler, Woolfe produced a 
very efficient class of engines. The boiler A B, Fig. 52, 
consisted of six, eight, or more metallic tubes, placed trans- 
versely across the fireplace and flues, and connected to a 
main steam receiving-pipe A, under which a partition wall 
divided the flue into two. The fire acted directly on the 
three first tubes, and the products of combustion passed 
alternately over one tube and below the next until they 
reached the back of the boiler, when they passed round the 
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end of the partition, and continued their course alternately 
over and under the tubes until they reached the chimney at 
the fire end of the boiler. Two half-length steam receiving- 
pipes were over this part of the transverse pipes, and also 
connected with the main steam -chamber A, from whence the 
steam passed by the pipe S to the the cylinder steam-chest 
C, from which the valve V admits it alternately above 
and below the piston in D, and also alternately from the 
top of D to the bottom of E, or from the bottom of D to the 
top of E, by the double connecting passages 1, 3. The con- 
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denser passage 2 4 communicates with both sides of the 
piston in E, that it may work in a vacuum. Both the 
pistons are thus simultaneously moved upwards or down- 
wards at the same time. Sim*s engine of this class has the 
two cylinders on the top of each other, like Cartwright*s 
cylinder and air«pnmp; but M'Naught places the small 
cylinder at one end of the beam, and the larger one near the 
other end, that they may work at right angles to each other, 
like two separate engines. Both classes are favourable for 
efficacy and economy. In these varieties of Hornblower's 
engine there is the uniform force of the small piston com- 
bined with the decreasing force of the large piston, which 
gives a more equal mean than is obtained from an equal 
expansion in one cylinder, although, as has been shown, the 
total force evolved is greatest for one cylinder. 

TremthwJc, 1790— 1816.— From 1790 to 1800 this able 
engineer, in connection with Bull, one of Watt's former 
workmen, erected several engines with double-acting cylin- 
ders on Watt's plan ; but, to evade his patent, Bull worked 
the piston-rod through the bottom instead of the top, which, 
on a trial, the judges held to be legal. 

Trevithick's acquaintance with Murdock and his models 
at Eedruth led to his celebrated locomotive of 1803, com- 
bining the principal features of both models in one engine. 
Like Evans, Trevithick preferred high-pressure steam, and 
his first patent engine had a spherical boiler set in a fire- 
brick case, with a heating fine all round. The cylinder was 
fitted into the boiler to maintain its temperature, and a two- 
way cock, worked by a double-eccentric cam on the fly- 
wheel axle, admitted steam to and from the cylinder. 
Another plan was to suspend the case, boiler, and cylinder 
on centres, that the piston might adapt itself to the angU' 
larity of the crank ; or to suspend the cylinder only, like 
Mnrdock's. He afterwards adopted a cast-iron boiler, nearly 
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■imilar in form to Evans's, as in Fig. 53, where tlie dn ii 
pl&ced in one end of the central flue, whilst the other eud 
terminates in the chimney. The cylinder is fitted into the 
Wler, and the fixed guides 1, 2 keep the piston-rod in a line 
with the ^linder. A connecting-rod down each side com* 
niunicatcs the piston-motion to the cranks and fly-n'heel. 
The exhaust-pipe passed through the cistern W to heat the 
water for the boiler, also elmilar to Evans's plan ; but 
Trevithick's terminated in the chimney, which ultimately led 
to that important part of a locomotive, the blast-pipe. P the 



Rg. as.— TreritUck, 

cold-water pump, M ihe syphon mercurial gauge, S the 
steel-yard safety-valve. The boiler-pump was on the oppo- 
site aide. 

In 1802, Trevithick patented a common-road locomotive 
engine, which waa enccessfuUy tried near London, and on a 
mineral railway in 1805 ; hut, having run off the road, it 
lay in the ditch as if a worthless combiautiou of mechanism. 
Like Evans's, Trevithick's auecesa waa greatest with fixed 
eiiginoB, and, after the expiry of Watt's pateuta in 1800, he 
introduced high-pressed steam, expanding Co a low pressure, 
with ao marked ecouomy, that the Court of Spain sent him 
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Otit, with regal honours, to drain tlio ailvor mincB of Peru. 
Tlie locomotive, neglected by the public, was necessarily 
neglected by the inventor for the more inviting Spanish 
commission, which, however, also ended badly ; and Treviihick 
retnrned nnrewarded to England, and continued to devote 
his talenta to improve the ateam-cngine. 

Suminglon, 178C— I80i.— In 1786 Symington exhibited 
a model of a locomotive at Edinburgh, He also tried to com- 
bine Newcomen's atmospheric plan with Watt'a spparale 
condenser, and yet to evade the patent, but failed to do eo. 

Symington's experience in Scotland with Measrs. Miller 
and Taylor reaulted in his constructing the first paddle- 
wheel steamboat of the modern class. Supported at the 
time by Lord Dundas, it waa called Charlotte Dundai, 
after his lordship'a daughter. Fig. 5i is a diagram of its 



Fig-. Si— ByniiDe!on, 1802. 

machinery. The boiler B supplied steam to the horizontal 
double-acting cylinder 0, whose piston-rod is kept parallel 
by the motion M, and connected by a rod and an ontside 
crank to the paildle-wheel W, to produce rotation in the 
nsual manner. The condenser D and the air-pump A are 
worked by the cranked lever E, connected to the piston-rod 
motion. This is a simple and effective plan, which, except- 
ing the condensing apparatus, has been adopted in modera 
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locomotive engines. In 1802 this boat, with a twenty-two- 
inch cylinder and foar-feet stroke, drew two loaded seventy- 
ton boats, against a strong breese, at the rate of three and a 
half miles per hour ; but the canal proprietors objected to its 
use, for fear of the waves injuring the banks. Symington's 
means were gone, and this efficient steamboat was laid up 
in Scotland, near Brainsford, for years exposed to public 
view, a valuable combination, yet unable to find public 
support. 

When reduced to poverty, and his friends appealed to the 
government on his behalf, Symington was presented with 
£100 from the Privy Purse in 1825, and afterwards with 
£501 

Cartm'ight, 1797. — This reverend and talented gentleman 
patented an ingenious parallel motion, metallic piston, an 
air-pump, and external condenser. He also proposed a 
rotatory engine with three pistons and double admiiision and 
exit passages for the steam. Power looms, and carriages 
without horses, were also amongst his plans. 

In his reciprocating engine he proposed to use alcoholic 
vapour, which external condensation did not affect, so 
that it could be used again and again. His parallel motion 
was by having two wheels of equal diameter connected to 
a cross head on the piston-rod, and as the cranks were 
always opposite to each other, their obliquity was balanced 
to work the piston-rod vertically. The air-pump was 
immediately below the cylinder, and worked by one rod for 
both pistons. 

HalFs patent tubular condenser, as applied to the British 
Queen and other steamers, is an improved form of Cart- 
wright's plan of condensing by external cold. The metallic 
packing of modern pistons are modifications of Cartwright's 
piston. In this way the ideas of one inventor are adopted 
by others in new combinations of greater efficiency. 
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Fvlton, 1793 — 1807. — This able and peraevering man had 
loDg been engaged in promoting various plans of steam 
navigation, and other projecta, before lie aaw the forsaken 
Bteamboat on the Clyde Canal. Having visited Scotland, 
and made bin'self acquainted with the conatruction and 
performancea of Symington's neglected steamboat, Fulton 
returned to America, and snccesafully introduced steamboats 
on the Hudson, between New York nnd Albany. To Fulton 
is due the credit of comiug to this country and carrying into 
practice, with the most beneficial results to mankind, a British 
combination neglected by the British nation. It is a singular 
yet melancholy fact, that at the same time the two most 
remarkable inventions of any age, practical steamboats 
and practical locomotive engines, were both lying for years 
ns a " reproach " and a " by- word " on the highways of Great 
Britain — Symington'^ steamboat on the Forth and Clyde 
Canal, Trevithick's locomotive engine in a ditch by the road- 
side ! Both the inventors died poor, neglected men. America 
had also her neglected Evans, and France her Cugnot. May 
we not, therefore, the more appreciate such men as Bonlton, 
who rescued Watt from world-wide difficulties? 

Fulton's first steamboat, the "Clermont," built in 1807, 
was 130 ft. long, 16^ -ft. wide, 7 ft. 
deep, and 160 tons bnrden, worked 
by one of Watt's double-acting 
engines, with a vertical cylinder, two 
feet in diameter and four feet stroke, _ 
connei'ted to the paddle - wheels, 
W W. Fig. 55, fifteen feet diameter 
and four feet broad, by the side 
levers and outside connecting-rods 
1, 2, and gearing S 6. Each paddle- 
wheel was on a separate axle B, C, 
having on its inside end a crank S, 4, 
fur the connecting-rod, and a toothed wheel, a &, to gear 
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into another on the fly-wheel shaft, S. As there was cnly 
one engine, a large fly -wheel, F, worked in the centre of 
the boat between the ends of the paddle -shafts, to continue 
the rotation past the dead points of the crank, as shown in 
Fig. 55. 

American river steamboats are now celebrated for their 
size, superior accommodation, number, low fares, and speed, 
over those of any other nation. On the Hudson, for in- 
stance, where steam navigation for hire was first introduced, 
besides many smaller vessels averaging 200 feet in length, 
there are upwards of ten floating steam-palaces averaging 
310 feet in length. Two of them are above 1,000 tons 
burden, and many of them travel twenty miles an hour with 
safety, for explosions are all but unknown on this river. 
From New York to Albany, about 150 miles, the fare is 
only 2s. 2d. in these floating palaces. This is a higher 
velocity than that of our parliamentary trains, and at ouel 
fifth the cost to travellers. 

BcU, 1800— 1812.— In 1800 Mr. Bell fitted a four-horse 
steam-engine in a small vessel, and sailed from the Clyde to 
the Thames at the rate, as stated, of seven miles per hour. 
The extraordinary appearance, it is said, led a sloop of war 
to give chase in the Bristol Channel ; and on an Admiralty 
inspection in the Thames, considering the invention of no 
value, Nelson remarked, " Gentlemen, if you do not take 
advantage of this invention, you may rely on it other nations 
will." Even this mediation of England's great naval captain 
failed to secure Bell any better treatment than had been 
meted out to Savary. 

The machinery was taken out, and the boat sold. Another 
application in 1803 shared no better fate, and in 1812 Mr. 
Bell constructed the Comet steamboat of 25 tons, worked 
by an engine of about three horse -power, which realised 
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about five miles per honr on the Clyde. As soon as Mr. 
£ell had overcome popular prejudice and obtained passengers, 
powerful companies started into existence, which deprived 
him of any reward for his meritorious exertion and heavy 
pecuniary sacrifices. 

Steveiis, 1804. — With a Watt's engine of only four and a 
half inch cylinder and nine inches stroke, supplied with 
steam from a boiler consisting of eighty-one horizontal 
copper tubes, one inch diameter and two feet long, Stevens, 
of Hoboken, in America, propelled a steamboat four miles 
an hour by a screw, on the principle of the smoke-jack 
vanes. The tubular boiler deserves notice from the number 
and position of the tubes, being similar to the modern 
locomotive boiler, excepting that the latter makes the tubes 
flues, whilst Stevens made them boilers, as was generally 
done by all common-road steam-engines, with steam from 
200 lbs. to 300 lbs. pressure per square inch. 

Stevens also constructed one of his boilers six feet long, 
four feet wide, and two feet deep, with one-inch tubes, to 
give a heating surface of 400 square feet. 

In 1815 Ralph Dodd had a fourteen-horse engine fitted 
into a seventy-five ton boat, and during a stormy voyage 
from the Clyde by Loch Ryan, Dublin, Milford, to London, 
of about 758 nautical miles, run in 122 hours, he clearly 
showed the power of steam to contend against dangers 
which would have destroyed sailing vessels. 

In 1818 Mr. David Napier successfully prosecuted ocean 
steam navigation, and in 1822 the James Watt, of 100 
horse-power and 440 tons burden, ran from Leith to London, 
realising a speed of ten miles an hour 

Since that time steam navigation has steadily progressed, 
and engines with their pistons connected directly to the 
crank, without any side levers or beams, are now preferred. 

Steam has not attained its eminence without competition ; 



74 STEAM AND THE STEAM-ENGINE. 

for, besides hot air, gnnpowder, gnn-cotton, etber, tnrpen- 
tino, alcohol, and explosive gases have all been tried as 
sources of motive power, and they still occasionally attract 
notice. 

In 1791 R. Street dropped turpentine on hot iron, and 
exploded the vapour formed below a piston to produce 
motion. 

In 1807 M. de Reva2 moved a locomotive carriage by 
exploding a mixture of hydrogen and air in a cylinder by 
electricity. 

In 1820 the Rev. M. Cecil discussed the comparative 
merits of steam and an explosive mixture of air and hydrogen, 
and proposed an engine to be worked by the explosion of 
air and hydrogen. 

In 1823-24 Mr. S. Brown constructed a similar but 
greatly improved explosive gas-engine. Mr. Brunei tried a 
carbonic acid gas engine ; and, modified, these plans have 
been revived, in America, with alcoholic gas engines. 

Electricity has also been tried somewhat extensively, and 
both in Great Britain and in America electro-locomotives 
have realised from six to ten miles per hour with a limited 
load. 

Several models of engines, driven by electricity, were 
exhibited in 1853. Amongst the latter was one by James 
Squires, driving a sectional model of one of the large broad- 
gauge engines, and another, producing rapid motion, by 
William Bickle. The latter had two electro-magnetic coils 
on each side of the centre of two levers, having broad parts 
immediately over these coils for attraction and repulsion 
alternately, and their other longer ends were connected to 
the fly-wheel axis, as in the steam-engine. By a self-acting 
cut-off valve, for the electric current at opposite angles at 
the same moment, a double-cylinder action is obtained, 
which in the small model spun round the flv-wheel with 
great rapidity. 
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Squires's plan was by placing the poles of a horse-shoe 
electro-magnet within the attractive distance of the arms of 
a fly-wheel, and by a self-acting cut-off produced rotation 
with considerable power. 

Ericsson, 1829 — 1853. — In England, Ericsson designed 
the Novelty locomotive tried at Eainhill, in 1829 ; the rota- 
tory-engine steamboat, tried at Liverpool in 1832-33, with 
great velocity in the water, but excessive consumption of 
steam ; the hot-air engine, tried in 1834 at Braithwaite and 
Co/s, London, with success as a motive power, but failure 
from friction in the hot cylinder ; and his screw-propeller 
steamboat of 1837, tried by the Admiralty on the Thames, 
with much success. 

The American Captain Stockton had a larger vessel built 
with Ericsson's propeller at Liverpool in 1838, and sent to 
America in 1839, where, as the New Jersey, it plied on the 
Delaware with success. Screw-propellers are now generally 
preferred. 

Since that time Captain Ericsson has found B. Kitching, 
Esq., of New York, to aid him in testing hot-air power on 
a truly magnificent scale of operations. 

The principle of caloric or hot-air power is heat, the same 
as in steam or hot water. In the former air is expanded,, 
and in the latter water is expanded to give out elastic 
power. 

As we have before shown, air is estimated to expand 
Tiirth of its bulk for each Fahrenheit's degree of heat added 
to it ; and as its pressure is nearly in the ratio of its volume 
and space, it follows that by adding 480° of heat to the ordi- 
nary air, it would double its volume, or, if confined, double 
its pressure. This would give a total pressure of two atmo- 
spheres, and, independent of a vacuum, leave one atmo- 
sphere 14'71bs. per square inch of available power, which 
inventors seek to apply as a motive power instead of steam. 
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The difficulties hitherto defeating the Bnccess of hot-air 
power aro, the high temperatare of aboat 670° required in 
the working cylinder, volatilizing or carbonizing any known 
lubricant, and the excessive friction thereby occasioned. 

Perkins experienced the same difficulty with his high- 
pressure steam, but then he would have at least 33 times the 
power of air of equal temperature, or upwards- of 1,000 lbs. 
per square inch. 

The preceding pages have shown that hot-air engines are 
as old as steam-engines, and that in design they were not 
surpassed before Newcomen's time, nor yet supassed by 
caloric engines as regards heating the air in a separate 
vessel from the working cylinder. In engines, botb rotatory 
and reciprocatory, Cardan, Branca, Amonton, Leupold, 
Hautefeuille, and others have sought to produce an effective 
hot-air power, or, as in Wilkinson's and Houston's recent 
patents, by air and steam combined in the same boiler or 
cylinder. 

The obvious safety from explosion, and the lightness of 
the whole engine, led Sir G. Oayley, in 180 4-, to propose a 
hot-air locomotive, which was tried in London in 1807. 
About 1819-20, Mr. Greenwood had a hot-air engine made 
and tried at Manchester, with one forcing-in air-pump and 
another exhausting air-pump, but the friction led to its disuse. 

In 1834: Mr. Stirling had a reciprocatory hot-air engine 
made by his brother at Dundee^ w^here it worked for seve- 
ral years with much economy of fuel, but, as in others, 
the friction was a serious drawback to its real utility. 

This engine had a wire-gauze absorber of escaping 
heat, which it restored to the cold air entering through its 
meshes to the cylinder, and a similar gauze-chamber is an 
important chamber in Ericsson's caloric engine. This 
gauze-reservoir Mr. Stirling called a refrigerator, from its 
cooling the escaping air ; but Captain Ericcson calls it a 
regenerator, from its heating the entering air. 
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So far as we can learn, Ericsson's engine is a modifica- 
tion of Sir G. Cayley's and Mr. Stirling's, with his own com- 
pact arrangement of the mechanism. We now describe it, 
to the best of our judgment, as follows : — 

The hot-air cylinder, about fourteen feet diameter, has 
placed at some distance above it the air-supply cylinder, 
about eleven and a quarter feet diameter, and the open 
ends of both cylinders facing each other. In the top of 
the supply cylinder there are two valves, of which one 
part opens inwards, to admit air, and another part opens 
outwards, by which to force the air out by the pipe into 
the airometer. In the bottom is placed a number of thick- 
nesses of wire gauze, having a surface of many square feet, 
through which the air passes both to and from the working 
cylinder. The slide-valve alternately opens the ports, to 
admit air to the cylinder, and from it to the atmosphere. 
The lower part of the working piston is extended down- 
wards, but not fitting the cylinder, that its expansion may 
not injuriously affect it, whilst it guards the air-tight part 
of the piston from the direct action of the hot air. The 
pistons are connected together, which preserves their paral- 
lelism, and a bell- crank lever, connected by a link or slot to 
the main piston-rod, gives motion to the machinery. As 
the cylinders are only single-acting, it requires four cylinders 
to give the rotatory power of two double-acting steam 
cylinders, and they are placed two and two on each side of 
the paddle-shaft, in lines parallel with the line of the vessel. 
The connection with the crank-shaft is so arranged, that 
each pair of acting cylinders work at right angles to each 
other, as in the double-crank engines. 

The action is regulated by the slide-valve, admitting air 
to the cylinder where it is exposed to the fire ; and as it 
expands by the heat, both pistons are raised simultaneously 
about six feet high. The large piston gives motion to the 
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niachinery, and the small one forces the air to replace that 
withdrawn from below, and thus balance the sapply and 
demand of air. As the pistons are in an equilibrinm of 
atmospherio pressure on both sides daring the downward 
stroke, their own gravity, aided by the fall-power action 
of the other cylinder, carries them to the bottom ready for 
another upward stroke again. 

At this point the wire-gauze recipient or heat-ometer 
comes into action, by absorbing heat from the escaping 
hot air, which is again re-absorbed from the wire gaose 
by the cold air passing through it to the cylinder. Its 
action is precisely similar to that of the respirator worn by 
invalids or others in cold weather ; for, in both the human 
and mechanical arrangement, heat is absorbed by the wire 
gauze from the expelled air, and returned to the air which 
enters through it to the lungs or to the cylinder. 

In Ericsson's engine it is stated, that the heat so ''caught*' 
in escaping and returned to the cylinder is about 460° out 
of 510° of added heat to that in ordinary air, and requiring 
from the fire only about from 50° to 70° to replace that lost 
by radiation or other causes ; and the generation and con« 
sumption of caloric or heat is thus adjusted. 

In this way the actual consumption of heat is econo- 
mized to about 25 per cent, of that required for steam ; 
but the amount of friction in passing through the gauze 
is not as yet publicly known in England, and is highly 
estimated. 

The name of regenerator has been objected to, as imply- 
ing a creator of power, whilst it is only a recipient of heat 
which would otherwise be lost, and perhaps heat-ometer 
would convey a clearer idea of this important *' picker-up " 
of itths of the escaping heat for further duty. If a similar 
proportion of the 1,180° of heat in 30 lbs. of steam could be 
returned to the boiler, the economy of fuel would be very 
decided, since at most only about ith of it can be so 
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retained in water heated, by waste or exhausted steam, to 
the bofling point. 

Witn a practical solution in progress, so much more satis- 
factory than any theoretical one, it will be unnecessary to 
discuss the relative expansion of steam or flame and air by 
heat, since the power of the latter, if safer, is much more 
confined than that of the former. 

The pressure on the supply piston acts against the work- 
ing piston, at a mean force from zero up to full pressure, 
about half stroke. In the recent trials a working pressure 
of 12 lbs. was said to be realised, and, taking 10 lbs. as the 
full mean pressure on the supply piston, an estimate of the 
power may be thus arrived at-: 

sq. in. lbs. lbs. 
Area of working cylinder . . 22,167 X 12 = 266,004 
Area of supply cylinder • . 14,426 X 10 = 144,260 

WbicU leaves an available power . • • = 121,744 

to move machinery and overcome the friction of the engine, 
or about equal to 24 lbs. effective steam on an 80-inch piston. 
The power, therefore, of Ericsson's two pairs of cylinders, 
with 6 feet stroke, would be about the same as two 80-inch 
double-acting cylinders with a similar stroke, and 241bs. 
high-pressure steam, or 12 lbs. steam in a condensing engine, 
whose vacuum supplies the other 12 lbs. Double-acting 
cylinders would however be as valuable to caloric as to 
steam-engines, which were also single-acting till Watt's 
time. 

The power given out by hot air is, however, variously 
regarded by the most experienced engineers, who doubt its 
success, which time will soon solve; but that power is 
obtained from hot air is quite evident from the example 
given, less the additional friction of four pistons instead of 
two in the steam-engine, leaving the air-pumps as equiva- 
lent to water-pumps and parallel motion. 
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From working models of other hot-air enginee there 
appears to be no difficulty in making any nnmber of strokes 
per minute up to at least 150 or more, but past experience 
points to friction as the chief obstacle to hot-air engines. 
Against the disadvantages of friction, unequal expansion of 
the cylinder, oxidation, or leakage, to be overcome by skill 
and ingenuity, are to be placed the advantages of safety from 
explosions, economy of fuel and of space, — all considerations 
of importance in navigation, — and other mechanical opera- 
tions. 

The practical results, therefore, of Ericsson's experiments 
will be deeply interesting in any point of view ; but it will 
be most satisfactory to learn that he triumphs over those 
mechanical difficulties which have hitherto retarded the pro- 
gress of hot-air engines. 

Portable Farm-engines, — In the mine, in the factory, on 
the ocean, and on the rail, st:,am had produced results of 
vast importance before its aid was valued by agriculturalists. 
Indeed, its first essay to do the work of horses was reso- 
lutely opposed as injurious to their interests; but other 
opinions now prevail, and steam assists the producers of the 
staples of food and clothing, as it has long done the manu- 
facturers of metallic, textile, or other products of science and 
art. 

Under the auspices of the Hoyal Agricultural Society, 
the farm-engine has been brought to rival in economy the 
factory-engine. 

Fig. 66 is a fire-bcx end view, and Fig. 67 a smoke- 
box end view, of an engine constructed and exhibited in 
1851. To the fire-box B is fitted the exposed cylinder C, 
and the parallel motion D is fitted to the b..iler A. The fly- 
wheel IJ drives the farm machinery, and is connected to the 
piston by the rod F, whilst the eccentric rod E works the 
slide-valve. 1 the water-tank, G the governor, A the fire- 
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door, S the shafts, V the safety-valve, W the supporting 
wheels. The gauges, steam-pipe, and regulator handle are 
seen on the end views. 

Amongst the farm engines in the Crystal Palace of 1851 
were several of good workmanship, but many of them had 
exposed cylinders, as if Watt and others had never gained 
largely by protecting the cylinders from external cold. 

The following description of the engines exhibited in 
1851, and the results of the trials, are condensed from the 
Jury Report of the Exhibition : — 

General Leecription of the Engines tried. 

Homeby and Sons, — A horizontal cylinder, fitted centrally in the 
steam- dome over the fire-box ; the boiler covered wiih dry hair, felt, 
und wood, and the feed-water heated in the smoke-hox. 

Tuxford and Sons. — No. 1 : a vertical cylinder, and the machinery 
neatly fitted in a case at the end of the boiler, with folding-doors to 
lock up all when required. Their No. 2 engine was similarly con- 
structed, but with an oscillating cylinder. 

Clayton and Co, — Neatly arranged, good working engine, with an 
external horizontal cylinder ; now (1853) enclosed in steam. 

Garrett and Sons. — Light, strong, porttible engines, with an external 
horizontal cylinder. 

Barrett and Co. — External horizontal cylinder, large boiler, and 
expansive link- valve motion. 

Cabron, — Strong, heavy engine, with indifferently arranged ma- 
chinery. 

Btitlin, — Workmanship moderate, and machinery of simple design. 

Burrell, — Machinery simply arranged, and fair workmanship. 

Ilemman and Son, — ^The workmanship moderately good, but the 
boiler too small. 

Roe and Co. — Too much cast iron used, with inferior workmanship 
and arrangements. 
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PllACTlCAL RbSULTS OP THB DYNAMIC TrIALS. 



Maker. 


Horse- 




power. 




No. 


Homsby & Son 
Tuxford & Son 


6 


6 


Clayton & Co. . 


6 


Oarrett & Sons 


5 


Barrett & Co. . 


4*5 


Tuxford & Son 


4 


Cabron . . . 


9 


Burrell . . . 


6 


Butlin . . . 


i'5 


Hensman & Son 


4 


Roe & Co. . . 


4 



Time of 

getting 

up 

Steam. 



Men. 
49 
53 
32 
42 
26 
41-5 
44 
28 
50 
33 
83 



Coals uaed 



in get- 
ting up 
Steam. 



lbs. 
35-23 
56-68 
35-40 
26-50 
25-56 
35-60 
52-00 
35-00 
42-00 
2900 
75-20 



per H.P. 


of 


per 


Homsby's 


Hour. 


Engine. 


lbs. 


Percent. 


6-73 


100-0 


7-46 


110-8 


8-63 


128-2 


8-65 


128-5 


9-20 


136-7 


10-85 


161-2 


12-48 


185-4 


13-10 


194-6 


14-71 


218-4 


18-75 


278-6 


25-8 


383-3 



Coalt Ui3d per Hour 



Diffe- 
renoe. 



Per cent. 

10-8 

18-2 

18-5 

36-7 

61-2 

85-4 

94-6 

118-5 

178-6 

283-3- 



The horse-power was measured by means of a Prony'g 
brake, on the plan adopted by the Royal Agricultural 
Society. 

Steam- Ploughing, — Amongst the first public trials of 
steam-ploughing was that made by Mr. Heathcote, M.P., on 
Lochar Moss, at the Scottish Highland Agricultural Society's 
Dumfries Meeting in 1836 ; and, more lately, Lord WiU 
loughby d'Eresby most commendably persevered to reduce 
steam-ploughing to practice. Since that epoch, the industry 
of ploughing by steam has been enormously developed. 

Conclusion. — In these few pages we have sought to com- 
press an illustrated chronological chart of the principal chiefs^ 
and progress of the steam family for upwards of 2,000 years. 
Distinguished, however, as it has become, its founder is 
anknown in the annals of heraldry. Of its two branches we 
have just seen how far the rotatory has been left in the rear 
by the reciprocatory branch, which has performed all the 
mighty deeds of modern times, by the combined forces of 
calorici or heat and water. We may form some faint idea 
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of the anxiouB hope and fear of each aucceeding gemoa 
before his conceptious were clothed in mental or material 
form — ^the parental grief or joy aa each child expired in 
infancy or arrived at manhood and fame. The scientific 
knowledge of snch men as Desaguliers, Emerson, Smeaton, 
Black, Robertson, and others were all brought to boar on 
the progress of the reciprocatory steam-engine. It alto 
embraces the material leading inventions of the loaded safety- 
valve, piaton and cylinder of the ancients ; the tubular 
boiler and steelyard safety-valve of Papin, a French phy- 
sician ; the condensation vacuum and gauge-cocks of Savary, 
au Englitih miner; of the beam, boiler-pump, injection- 
pump, and vacuum below the piston of Newcomen, an 
English blacksmith ; the hand-gear of Potter, an English 
peasant boy ; the fly-wheel of Fitzgerald, an Irish pro- 
fessor; the condenser air-pump, double action, parallel 
motion, and governor of Watt, a Scottish mechanic ; the 
crank motion of Pickard, an English mechanic ; the metallic 
piston of Gartwright, an English dissenting clergyman ; the 
oscillatory cylinder, eccentric motion, and slide-valve of 
Murdock, a Scottish mechanic ; and the double cylinder of 
Hornblower, an English mechanic. Prom these inventors* 
inventions, modern engineers select at pleasure to construct 
an efficient engine for the duty to be done. 

The first modern engine was Watt's, a Scottish mecha- 
nic ; the first modern locomotive engine was Trevitheck's, an 
English mechanic ; and the first modern steamboat was 
Symington's, a Scottish mechanic. The first reguLir river 
steamboat was Fulton's, an American mechanic; the first 
ocean steam voyage was made by Bell, a Scottish engineer. 
The most econumical engines of the present day are con- 
structed by Cornish mechanics ; and the first locomotive was 
Cugnot*s, a French engineer. 

The amount of intellectual toil concentrated in a moderr. 
reciprocatory engine will therefore be obvious, as also that the 



HTSTORICAL NOTICE, 85 

principal inventions and combinations are those of working 
mechanics, who have nearly all died in poverty and distress. 
We have now arrived at the locomotive epoch. Since 
1822, the locomotive power of the reciprocating steam- 
engine forms one of the most remarkable events of the 
age. For ocean locomotion, the varieties of the stationary 
engine are used, but with their cylinders shortened and of 
larger diameter to suit the hold of the sliips. The beam was 
replaced by one on each side of the cylinder, connected 
together by a cross-piece, into which the piston-rod was 
fitted ; and these have been superseded by direct-acting 
engines, in which the beams or side levers are dispensed 
with. Oscillating engines are also employed in steam- 
boats. Boilers are made of such forms as to suit the vessels ; 
but even on land, where space is no object, the forms of 
boilers have varied, and still vary much. Watt's waggon 
class has lost ground from its weak form. Woolfe's, as 
improved by Galloway, and Evans's, as adopted by Trevitheck 
and the Cornish engineers, maintain a high reputation. 
Alban's improved tubular boiler enjoys a good name in 
Germany, and the locomotive tubular-flued boiler is also 
used for fixed engines. The railway locomotive engine is 
Belf-contained, and takes a form of its own adapted to its 
special duties, which are explained and illustrated in a 
Reparatetreatiie* 



CHAPTER II. 

GASES— THEIE GENERAL PROPERTIES. 

Oases arc divided Id to two classes — permanent gases and 
vapours. The former were originally so called, under the 
impression that they existed permanently in the gaseous 
state, and could not possibly be reduced to the liquid form ; 
while those which could be so reduced, and could be recon- 
verted to the state of gas, were called vapours. It has, 
however, been shown by Sir Humphrey Davy and Mr. 
Faraday, that, by the conjoined effects of great pressure and 
of a high degree of cold, most of the permanent gases may 
be liquified. The undermentioned, on the contrary, still 
retained the gaseous state at the annexed temperatures and 
pressures : — 

Hydrogen, at —166 degrees Fahr., and 27 atmospheres. 

Oxygen, -166 „ 27 „ 

Do. -140 „ 68-5 „ 

Nitrogen, —166 „ 60 „ 

Nitric oxide, —166 „ 60 „ 

Carbonic oxide, —166 „ 40 „ 

Coal gas ^ —166 „ 32 „ 

Several of the gases which have been liquefied are further 
capable of being reduced to the solid state. Thus, sul- 
phurous acid becomes solidified at — 106° ; sulphuretted 
hydrogen at —122°; carbonic acid at — 72°; ammonia at 
— 103°. The difference, then, between the permanent gases 
and vapours is merely one of degree, and depends upon the 
temperature at which the change from the fluid to tho 
gaseous state occurs. Those which exist in the fluid state 
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under ordinary temperatures and pressures are called 
vapours; those which require strong pressure and ex- 
tremely low temperature to reduce them to the liquid 
form are called permanent gases. 

The influence of temperature on the expansion of per- 
manent gases under constant pressure is such, that, for equal 
increments of temperature, the increments of volume by 
expansion are also equal, and they are nearly the same for 
dijBFerent gases. The expansion of air by increase of tem- 
perature may be assumed to represent that of other gases ; 
and, it may be added, the most exact measure of real tem- 
perature is to be found in the expansion of air or any other 
perfect gas. By real or absolute temperature is signified the 
measure of the whole of the heat of a body ; and at the 
absolute zero-point of the scale, all gases would cease to have 
elasticity or molecular motion. As the expansion of air 
under constant pressure is found experimentally to be uni- 
form for uniform increments of temperature, it is inferred, 
conversely, that it would contract uniformly under uniform 
reduction of temperature, until on arriving at a temperature 
461® below zero of Farenheifs scale, or exactly — 46 1*2®, 
the air would be in a state of collapse, without appreciable 
elasticity. This point has, therefore, been adopted as that of 
absolute zero, standing at the foot of the natural scale of 
temperature. For illustration, let a volume of air, 673 cubic 
inches in bulk, at a temperature of 212° Fahr., be confined 
at a constant pressure in a cylinder, under a piston movable 
without friction. If the gas be coded 10°, the piston will 
descend through 10 cubic inches ; if cooled 100°, the piston 
will descend, and the air will contract, through 100 cubic 
inches ; and so on, in the same ratio ; so that, by lowering 
the temperature 673°, the air would not possess any appreci- 
able volume ; and 673° — 212^ = 461° below the artificial 
zero of Fahr. would, therefore, be arrived at as the point of 
absolute zero. 
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Again^ if a given weight of air at 0° Fabr. be raised 
in temperature to 461° under a constant pressure, its 
volume will be doubled by expansion ; and if heated to 
461 X 2 = 922**, its volume will ha trebled ; in short, for 
every increment of one degree of temperature, its volume 
will be enlarged by equal increments uniformly rir part of 
the volume at 0°, 

The following, then, are the established relations of the 
properties of permanent gases : — 

With a constant temperature, the pressure varies simply 
as the density, or inversely as the volume. This is known 
as Boyle's or Marriotte's law. 

With a constant pressure, expansion is uniform under a 
uniform accession of heat or rise of temperature, at the rate 
of ih part of the volume at 0° Fahr. for each degree of 
heat. If, then, 461^ be added to the indicated temperature 
by Fahrenheit's scale, the sum, or absolute temperature, will 
vary directly as the total volume, expanding or contracting, 
and inversely as the density. This is known as the law of 
Gay-Lussac, 

With a constant volume, or density, the increase of pres- 
sure is uniformly at the rate of tot part of the pressure at 0'* 
Fahr. for each degree of temperature acquired. Adding 
461° to the indicated temperature, the sum, or absolute tem- 
perature, varies directly as the total pressure. 

In brief, Ist, the pressure varies inversely as the volume 
when the temperature is constant ; 2nd, the volume varies as 
the absolute temperature when the pressure is constant ; 
3rd, the pressure varies as the absolute temperature when 
the volume is constant. 

The foregoing enunciation of the relations of tempera- 
ture, pressure, and density should be qualified by the re- 
mark, that the more easily condensable gases, as they approach 
the liquefying point, become sensibly more compressible than 
air ; and that they do not str/.ctly conform to the relations of 
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pressure and volume above recited for permanent gases. It 
has been found that, as far as 100 atmospheres, oxygen, 
nitrogen, hydrogen, nitric oxide, and carbonic oxide follow 
the same law of compression as atmospheric air, these being 
amongst the incondensable gases ; and that sulphurous acid, 
ammoniacal gas, carbonic acid, and protoxide of nitrogen — 
proved to be condensable — commence to be sensibly more 
compressible than air when they have been reduced to one- 
third or one-fourth of their original volume. Carbonic acid, 
for example, in place of following the simple ratio of the 
pressure and density for a constant temperature, increases in 
density, or, which is the same thing, diminishes in volume, 
in a greater ratio than the pressure, as indicated in the 
following Table, No. I., showing in the third column the 
volume of carbonic acid under increasing pressures, com- 
pared with that of air, which is expressed by unity : — 



Table No. I. 

Showing thb CoMPiiEssiBiLiTT op Oarbonio Acid, compared with 

THAT OF Air. Tbmperatt're, 10° Centigrade, or 60' Fahrenheit. 



Prcfisuro. 


Volnme of Air 

under the griven 

Pressure. 

(Vdume under One 

Atmosphere 

= 1,C00.) 


Volume of Car- 
bonic Acid under 
the given 
PrecTOre. 


Atmospheres. 
1 
2 


1,000 
500 


1,000 
500 


4 


250 


250 


5 


200 


198 


6-67 


150 


147 


10 


100 


93 


15-38 


65 


61 


20 


50 


46 


25 


40 


35 


33-3 


30 


24 


40 


25 


18-5 


45 


22-2 


liquified. 



The Table shows that carbonic acid sensibly follows the law 
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of compression of a perfect gas, as far as four atmospheres, 
when its volame becomes one-fourth of that under one 
atmosphere. Under five atmospheres, it sensibly begins to 
shrink, until, under forty atmospheres, it occupies less than 
three -fourths of the volame of air. Under forty -five atmo- 
spheres, it is liquefied. 

The accelerated diminution of volume, or incipient con- 
densation, characteristic of carbonic acid and other conden- 
sable gases, in approaching the point of liquefaction, foretells 
the approaching change. It is, nevertheless, established that 
all gases, at some distance from the point of maximum 
density for the pressure, substantially follow the law of 
Boyle, according to which the pressure and the density vary 
directly as to each other, when the temperature is constant. 
With this cxplanatior, they rank as perfect gasca. 



CHAPTER III. 

AIR AND PRESSURE GAUGES. 

Until near the middle of the seventeenth century it was not 
even suspected that the air possessed either weight or elastic 
force. Pumps, being an earlier invention of Otesibus, had 
come into general use for raising water, and practical men 
had noted the fact that water rose far above its natural level in 
the pump-tube when the working valve, or bucket, had with- 
drawn the air from that part of the tube. Philosophers 
explained this as a proof that nature abhorred a vacuum, 
which caused the water to fill the vacuum in the pump-tube, 
and in fixing them this was taken advantage of by placing the 
working valves where most convenient. However, a pump 
having been erected at Florence for the Duke of Tuscany, it 
failed to raise any water, and its failure was a very unexpected 
result. It was then ascertained that the water was above 33 
feet distant from the pump-valve, and only rose to about that 
height, but not within the scope of action of the pump, hence 
the cause of the failure was apparent, but not so the limit 
thus assigned to Nature's abhorrence of a vacuum. Galileo 
was consulted, but was unable to give any valid reason for 
this limit at the time. Reflection, however, led him to con- 
slude that the air had weight, and that the weight pressing 
on the water caused it to rise. Following out this reasoning, 
his pupil Torricelli had the honour to construct the first 
barometer, and to determine by experiment the relative 
weight and pressure of air. 

As barometers are applied to measure the pressure of 
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steam as well as that of air, a deecription of tliem will be 

instructive. 

Fig. 58 or 59 is a glaes tube about 36 inches long, 
dosed at one end, which TorricelU filled with mercury, care- 
fully excluding the air. Then applying his finger to the 
open end, he inverted the tube with ita open end in a ctip 
containing both water and mercury. He then withdrew his 
finger while the tube end was immersed amongst the mer- 
cury, when it flowed out nntil it became stationary i.t a 
heightof about thirty 
inches. When the 
end of the tube was 
raised out of tlie 
mercury, and open 
to the water, the 
mercury flowed out, 
whilst the water 
I rnehed in to the lop 
of the lube, showing 
, ihnt it would have 
risen atill higher, 
had the tube been 
longer. These sim- 
ple yet beautifully 
important expcri- 
meuts clearly de- 
monstrated that the pressure of the air waa equal to the 
pressure of a column of mercury thirty inches high, or 
to a column of water of an equal pressure. 

The specific weight of mercury varies according to Its 
purity and temperature, but in ordinary circumstances it is 
about 13'6 timea heavier than water, hence the height of a 
column of water equal to the weight of a column of mercnry 
30 inches high would be 30 x 136 -^ 12 in. = 34 feet, 
which water would rise in a perfect vacuum by the pressure 
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of the air on its surface. This, therefore, proved that the 
water would rise to a height in the pump-tube more or less 
near to 34 feet, as the vacuum was more or less perfect, but 
beyond 34 feet the pressure of the air would fail to raise 
the water, thereby solving the pump problem in the most 
satisfactory manner. Since a cubic foot of water is nearly 
and usually taken as 1000 ounces avoirdupois, a cubic foot 
of mercury would be 1000 X 13* 6 = 13,600 ounces, and 
one inch of mercury would be 13,600 h- 1728 = 7-87 
ounces, therefore 30 X 7'87 -J- 16 ounces = 14*75 lbs. as 
the elastic force of the air at the level of the sea. In round 
numbers it is usual to consider the pressure of the air as 
equal to 15 lbs. on each square inch, which is called the 
pressure of one atmosphere, 30 lbs. being that of two atmo- 
spheres, 45 lbs. that of three atmospheres, and so on with 
each additional 15 lbs. It will illustrate the pressure of 
elastic fluids in every direction, when it is stated that the 
pressure of air on the body of an average -sized man amounts 
to about 15 tons, which of course would instantly crush him 
to the earth, were it not counteracted by its equality of 
pressure in every direction, upwards, sidewards, down- 
wards, internally, and externally. Its weight is 772*4 times 
lighter than water, having a specific gravity of '001293. 
The elastic force of air on a square foot of surface would 
amount to 144 X 14*75 lbs. = 2124 lbs., but the weight of 
144 cubic inches would only be "00669 lbs., or nearly 31-72 
times less weight than pressure. This greater pressure is 
due to the superincumbent column of air estimated by some 
as from 45 to 50 miles high, but by others as net even so 
high as 40 miles. 

Air has, therefore, both weight and force pressing in 
every direction, in the ratio of 2124 lbs. per square foot of 
surface, yet in it we live, move, and breathe, as if it had 
neither weight nor force. Many attempts have been made 
to bring the elastic force of the atmosphere into me* 
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chanical use, like eteam. The Croydon and South Devon 
Atmospheric Railways, now abandoned, and Prosser*B com- 
pressed-air engine are recent instances of these efforts, but 
as yet they have been unable to compete "with steam in 
portability and economy. 

Fig. 60 is the modern form of barometer for halts, where 
the float is suspended by a fine line over the small pulley p, 
and balanced by a weight w ; and as the pulley is moved by 
the action of the float/, the indications by the index t are 
read off on a large dial, D. 

As we ascend the pressure of the air diminishes, and 
by this means the barometer is employed to measure the 
heights of mountains and other elevated places with consi- 
derable accuracy, by the fall of the mercury. Pascal first 
applied it to this purpose ; but as the pressure of the air 
diminishes by increase of temperature, as well as by 
increase of height, and its density increases by cold, it 
requires a scale graduated accordingly. For example, a 
decrease of l"" of temperature increases the density or pres- 
sure of the air '0033 inches of mercury between the limits 
of 32° and 62° ; but from 32° down to zero the mercury 
falls '0034: for each difference of 1° of temperature. At an 
elevation of 500 feet the mercury falls half an inch ; but at 
31 times 500 ft. high, it only falls 28 half-inches, and at 41 
times 500 ft. high only 36 half-inches. 

The following rule gives the heights of places nearly : — 

Multiply the difference of the logarithms of the respective 
barometric heights by 6000 for the height above the level of 
the sea in feet. 

Ex. — Required the elevation of a hill at whose base the 
height of the mercury was 30 inches and at the top 28 inches, 
log. 30 = 477121 
log. 28 = 447158 

Difference = 029963 X 6000 = 1797-78 feet as the 
height required. 
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To obtain a more portable and aenaitive barometer for 
inch measurementB than the mercnrial one, a vacuum baro- 
meter of ingenious yet comparatively complicated conalrue- 
lion lias been 
bronglit to con- 
siderable perfec- 
tion in France, 
since M. Conte 
lirst inlrodnced it. 
As now improved 
by Mr. Dent, of 
London, it ia a j 
portable, and aa it ' 
may be an agree- 
able companion to _ 

"^ Fig. 81.— Deaf* Anatoid Buorooter. 

railway travellers 

for determining the comparative elevation of the countries 
or railways that they travel over, we annex a brief descrip- 
tion of its principle of action. 

T!ie same '.etters ni'ply fo all the pffiiree. 

In Fig. Gl D 1> is the vacnum vase ;. M, the socket for 
distending it. U is a 
lever, to one end of which 

is attached the verticnl rod, f^\^ DislaiAd 

1, which connects it with 
the levers, 2. 3. Those ' 
levers are connected by a 
bowpiece, 4, and the whole 
are regulated for the index 
to move over a apace cor- 
responding to the ecale of 

a mereuriol barometer. The end of lever 3 is connected 
to the axis, on which the hand or indcT is fixed by a piece 
of fine watch-chain. A apiral spring regnlntcs the band 
and the force of the levers in obedience to the indicatiou 
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of the vacunm vsee D D, as distended I^lg- 62, and com- 
presBcd Fig. 63, bj' the weight of the atmosphere. 

Fig. 64 exhibits a front view of this ingeniotiB instru- 
ment. Thoindication-band, 
sliown iu ontliae, is to 
be set exactly over the 
balanced hand at the com- 
mencement of any experi- 
ment. Tbe movement of 
the balanced hand to either 
the right or tbe left will then 
indicate the increase or de< 
crease of the atmospheric 
presBure. 

Fig. G8 will explain the 

principle of action. C C is 

a lever of the second order, 

similar to ft locomotive 

safety-valve lever, which baa 

its fulcrum at B and its 

force measured by the spiral spring 8. The vacuum vase is 

attached to the lever CO at D, one-seventh of the distance 

between B and S. It is 2J inches diameter, having about 

72 Iha. pressure on its area, whose action on the lover C at D, 



Fiit. 64.— Front ElfVutin 



- I ' 



Fig, n.—IHtignun ihowing FriudiJe of Action. 



as represented by the arrows, is 6 times increased on tbe spring 
S, the lever being as 6 to 1, or 7 parts in all. This it is 
obvious renders the least variation of pressnre quite sensible 
by the spring when the friction of the parts is reduced to 
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a minimum. In Dent's the motion 
of the index-hand one*tenth of an 
inch indicates an alteration of either 
85 feet higher or lower, as the case i 
may be. The action of a barometer 
is therefore regulated by the weight 
of the air, which is heaviest daring 
serene settled or frosty weather, or 
when contrary easterly or northerly 
winds blow it towards any locality. 
It is lightest when saturated with 
steam to the rainy point, or when 
contrary winds blow it away from any 
locality. In northerly climates the 
variation is greatest, and least within | 
the tropics. 

Mercurial Gatigez for Steam- Engine$, 

These useful appendages to the 
steam-engine being either barome- 
trical or th«rmometrical, this seems 
the proper place to describe them. 
Where the length is not a considera- 
tion the barometric ones act well, but 
thermometric ones cannot be depended 
upon generally. 

Fig. 66 is one of the forms in 
which mercury is employed to measure 
the pressure of steam when it is only a 
few pounds more pressure than that 
of the atmosphere. Steam is ad- 
mitted from the boiler by the pipe c, 
and presses the mercury up the iron 
syphon tube M, b, m. Each 2 inches 
of rise is nearly equal to 1 lb. pressure 
above the atmosphere, which has 



Fig. 68. 
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access to the top of the mercury by the open end of the tube. 
A line from the float in thia tube paasea over tlie pulley j>, and 
is attached to the index S, to show the variation of prewnre 
OQ the annexed scnle, Ganges of thie barometric form 
require to have a length eqaal to 2 inches for each pound of 
pressure, which makes them inconvenient at high pressures. 
It is thus constructed : M, m, R, are three openings fitted with 
suitable screws. These are token out, and mercni; poured 
in until it shows itself at M, m, ia each leg of the syphon, 
fvhen these two holes are screwed up. Some water is then 
poured in at B, which is then also screwed up, and the 
instrument ready for use. The 
water prevents the heat of 
the steam oxidizing the mer- 
cury, which is found to injure 
its expansive action, and render 
its indications erroneous in 
thermometrical steam gauges. 
Fig. 67 is a different form, 
where the mercury is all con- 
tained in the tabexx, which has 
one end connected to the boiler 
by the pipe P and the other 
end open to the atmosphere, 
the indications being given off 
on the attached scale of parts. 
Fig. 68 is another form of 
*■ ^' mercurial gauge for condensers. 

A, a cup filled with mercury, in which the barometric tube 
is immersed, having the other end bent in the syphon form, 
and connected with the condenser of a low-pressure engine. 
On the cock F being opened, the pressnre of the air on the 
mercury in the cup causes it to rise and indicate, on the scale 
of purls, the comparative vacuum produced in and power 
gained from the condenser. 



AlB AND FRBSSURE 6AUOBS. 99 

In all tbeae gang«B the presBarsa indicated are the difier- 
ences between the atmospheric preuure and the pressure in 
the boiler or in Ibe condeoser. In condensera the presaare 
will be leas than the atmosphere by 2 inches for each pound 
presBtire. In the boiler, the preasitre will be greater than 
the atmosphere by 2 inches for each pound. 6o that a riae 
<yf 8 inches in the boiler gange indicates steam of 4 lbs. 
pressure above the atmosphere, or 19 lbs. gross pressure, and 
a riae of 21 or 26 inches in the condenser gauge ahowa that 
a preosure of 12 or 13 lbs. has been added to the 4 lbs. 
pressare, making a working pressure of 16 or 17 Ibe. per 
square inch from an apparent presanre of only 4 lbs. 

Air Gauge. 

Since the preceding gauges require a length of 2 inches of 
mercury for each pound of pressure, they are inapplicable to 
preaaurea of 60 or 100 lbs. on locomotive boilers. 
In place of leaving the mercury exposed to the tur 
at one end, and to the ateam at the other end, air 
ia confined in a Torricellian tube, closed at the 
upper end, and resting in a cup of mercary at 
the lower end, on which the force of the steam 
acta to compress the column of air, which then be- 
comes (he measure of the force of steam. 

Fig. 69 will show their constrocttoD. t t the 
glass tube containing air, immersed in the cup 
A B of mercury, which rises to the level or pres- 
sure balanced by the mercnry in the cnp and the 
wr in the tube, for the sero of the gange. The 
volume of a given quantity of air being inversely 
as the space it occupies, a scale — starting at the 
gange zero— is adjusted to this established law, to 
■how the force of the ateam by the diminished ^' 
volume of the confined ur. For instance, if the pressure 
be 20 Ibe. and increased to 40 lbs., the volnme of air would 
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be reduced one-lisif, and at 60 lbs. (o one-third, the volume 
nt 20 )bg., as will be further illustrated under the head 
of Expansive Force of Elnstic Fluids. On steam being 
admitted by the stopcock d it presses upon the mercury in 
A B, which raises and compresses the air in the tube and 
indicates the force on the scale. Gauges of this class were 
employed by both the French Academy and Franklin In* 
Btitutes in thoir valuable experiments on steam. 

When carerully mode and adjasied they are valuable in* 
etruments. On locomotive engines the passing current keeps 
the confined nir from heating, which requires to be guarded 
against, and if the scale is correctly 
adjusted the indicstions would be ac- 
cordingly. 

Fig. 70 is another form of this use- 
ful gauge, where very small holes in 
the bottom of the bulbous part of the 
tube admit . the direct action of the 
steam on the luercary, whilst the re- 
servoir at the top gives a larger volume 
of air to act against, with less risk of 

When steam is freely admitted to 

act on mercury for a length of time, the 

mercury is found to deteriorate ; and the 

I loss of any portion of it from the tnbe or 

cupwonid affect the accuracy of the scale. 

Mr. Davies of Leeds states that he has, 

*Bg. TO. Pig. 71. jjy using a larger column of mercury, 

greatly improved the accuracy and dnrahility of mercurial 

steam gauges. 

Thermometric gauges (Pig. 71) are similarly constmcted 
to those already described for measuring heat by, and are 
designed to give the force of steam from its temperature. 
They have not yet, however, been succesaful for accuracy of 
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Indications. If the beitt communicated to (he bulb is partly 
lost in the aaoeut of the mercury, the upper portion wouUI 
not equally expand with the lower pordon ; or 
if the bulb is ever so slightly compressed by 
the force of the steam, the indications in each 
instance would be incorrect. 

The changing pressure in locomotive boilen 
from their email steam space and rapid con- 
sumption renders alight variations of tempera- 
ture easily effected by atmospheric influence 
or other disturbing cauaea. If the tube were of 
greater length and surrounded by an atmo- 
Bphere of the same temperature as ia in the 
boiler, thermometric gauges miglit be de- 
pended upon, but for ordinary locomotive pur. 
poses there are several impediments to their 
BacceasfDl application. 

Besides mcrnurial gauges, spring gauges 
have been made of the form shown in Fig. 
72, which is a amall cylinder exactly one 
square inch area, of which piKton P is made 
to compress the spiral spring S S, according 
to the force of the steam on the piston, and an 
index attached to the piston rod shows the 
force on a scale F adjusted to the spring. This is, In fact, 
Watt's indicator applied as a permanent gauge. 

Salter's well-known spring _| ^ 

balance. Fig, 73, also measures 
the pressure by the upward force » : 
of the steam on the safety valve ™:: 
/, compressing a double spiral %'.' 
spring within the cylindrical 
cose C, by the action of the 
lever L, and showing the force 
on & scale of pounds. 



CHAPTER IV 

WATER. 

Composition of Water. 

To understand the nature of steam, it is desirable to possess 
a knowledge of its component parts. Familiar as are these 
components, water and heat, yet each of them has formed 
the subject of elaborate researches, and each of them yet 
excites interest; the water, as to its composition, and the 
heat as to its nature. 

In its ordinary state, water is a fluid covering a very large 
portion of the globe, performing most important duties. It 
is not only abundant as a fluid, but, united with other bodies, 
it forms a large proportion of animal and vegetable matter. 
Analysts tell us that potatoes contain 75 per cent., turnips 
90 per cent., a beef steak 80 per cent., and a man 75 per 
cent, of water. Chemically, they tell us that, a man of 10 
stone would be made up of 105 lbs. of water and 35 lbs. of 
carbon and nitrogen, and that iths of his daily food is water. 

It has been general, since Watt's discovery of the composi* 
tion of water, to define it as consisting of one volume of oxygen 
and two volumes of hydrogen, or by weight 1 part of hydro- 
gen and 8 parts of oxygen, the specific gravity of the latter 
being 16 times that of the former. 

It is usual to prove this theory of the composition of water 
by burning or exploding these two gases in a glass vessel, 
when water is deposited equal in weight to that of the decom- 
posed gases. It has, however, been suggested that the force 
required to compress these gases into water must also find 
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some electrical agent in them bo as to prodnce their marked 
compression in volume. For water is nearly 30 times heavier 
than oxygen, 478 times heavier than hydrogen, and 34 times 
heavier than air» 

Expantive Power of Water. 

Water is at its greatest density at 39*1^ Fah., but does not 
become solid until 32^, when its expansive force is exhibited 
in the disintegration of rocks, bursting of pipes, or fracturing 
other bodies in which it may be confined. The following trials 
were made in the Arsenal at Warsaw, in 1828-9, for the 
purpose of ascertaining the expansive force of water in a 
state of freezing. 

Oast-iron howitser shells, 6 in. 8 lines diameter, having a 
thickness of metal 1 in. 2 lines, and an orifice or opening of 
1 in. 2 lines diameter, were employed. One of these shells, 
having a capacity of 46*29 cubic in., was filled with water at 
40^ Fah., and with the orifice open exposed to the atmo- 
sphere at 21^ Fah. In two hours a column of ice 2 in. 2 lines 
long was projected from the opening, which was the greatebt 
effort made, and gave an expansive force of 2*31 cub. in., or 
about -sVth part of the whole volume, or 5 per cent. 

A second shell was filled, and the orifice closed with a piece 
of wood driven into it. It was then exposed as before, when 
the plug was expelled, and ice occupied its place. 

A third shell was filled, and the orifice closed with an iron 
screw, having through it a hole of 3 lines diameter. After two 
hours' exposure the shell was burst into two unequal parts, 
the smaller beibg thrown 10 feet, and the larger part thrown 
1 foot from the spot it was placed upon. The ice had formed 
only 6 lines thick, the remainder of the water being still fluid. 
A fourth shell was filled, plugged, and exposed at 28^ in a 
similar manner, with a hole of 6 lines diameter, and also burst 
in two parts, one of them being thrown a distance of 4 feet. 
The ice was 13 lines thick, the rest fluid. A fifth shell was 
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filled, plugged up solidly, and exposed at 28^, when it burst 
as before, and the smallest piece was thrown a distance of one 
foot. The thickness of the ice was only 5 lines. 

These experiments convey some definite idea of the ex- 
pansive power of water in a freezing state; the power is 
supposed to be derived from the re- arrangement of the 
crystallizing particles in angles of 60° or 120^ to each other, 
requiring more space than when in a fluid state, and thus re* 
sistiug confinement. 

Forcing Power of Water. 

Being almost incompressible, water is made to develop im- 
mense power in Bramah's hydraulic presses, whereby the 
strength of cables, anchors, iron, and other materials is tested, 
goods packed, and other operations performed requiring great 
force. 

A remarkable performance in this field was the lifting of 

the Conway and Britannia tubular bridges 100 ft. high into 

their places. The weight of the largest tube being about 

1800 tons, and one end lifted at a time, gave about 900 tons 

as the weight to be raised at once. This was done by a 

strong cast-iron cylinder, 11 in. thick, with a solid piston, 

or ram 20 in. in diameter and 6 fit. stroke, working through 

a water-tight stufiing-box or gland. Into this cylinder the 

water was forced through a half-inch pipe by a pump of 

1 1*^- in. diameter worked by a 40-hor8e steam-engine. The 

power would therefore be as the areas of the ram and pump 

were to each other, or as 1 to 355. The pressure on the 

ram would then be 900 tons, or 

900 X 2240 (lbs. water) ^,,„,^ 

o-, . ,^ . c ' ^ — (=6417 lbs pressure for 

314*16 (area of piston) *^ 

each square inch of the head of the ram.* The action may be 

* For an interesting descziption of these bridges, see " Rudimentary 
Treatise on Iron Girder Bridges." 
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thus explained : water is slowly forced into the cylinder by 
the pump, and being very nearly incompressible, as soon as 
the vacant space in the cylinder is filled, it gradually impels 
the ram outwards, with a force measured by the resistance 
against the external end of the ram, and limited by the 
strength of the cylinder and power of the pump to force in 
the water. 

Weight and Measure of Water, 

Water is the standard of comparison of the weights or 
gravities of other liquids and of solids. At 39*1^ Fah. a cubic 
foot of water weighs 998*8 ounces avoidupois ; but for facility 
in calculations the weight is generally taken as 1000 ounces, 
and the imperial gallon is fixed at 160 ounces, or 10 lbs. avoir- 
dupois of distilled water. In pounds, the weight of a cubic foot 
of water is taken as 62*4 lbs., or as 62^ lbs., and the cubic con- 
tents in feet of any water-tank or boiler multiplied by 62i 
gives the weight of water in lbs. avoirdupois required to fill 
it, and this divided by 10 give the number of gallons. 
Thus, if the water-space in a boiler be 60 cubic ft. it will 
contain 3750 lbs. or 375 gallons of water, for 

60x62-5=3750 lbs. and -y^ =375 gallons. 

The standard fixed by Parliament for the Imperial gallon 
is 10 lbs. avoirdupois of water, at a temperature of 62° Fah. 
There are 62*355 gallons of water in one cubic foot. The 
following Table gives the weight of a gallon of water at each 
degree of temperature from 32^ to 212** : — 
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Table No. II. 

Wbioht 07 Onb Gallon ov Watsb, at Tbkpb&aturu pbox 

32* TO 212*». 



Tempe- 
xature. 


Weight 


Tempe- 
rature. 


Weight. 

i 


Tempe* 
rature. 

1 


Weight 


IUl 


lbs. 


Pkh. 


lbs. 


Vah. 


lbs. 


82° 


100101 


90^ 


9-9655 


1550 


9-7987 


85 


100103 


95 


9-9564 


160 


9-7810 


891 


100112 


100 


9-9466 


165 


9-7570 


40 


10-0112 


IOj 


9-9866 


170 


9-7475 


45 


10-0108 


110 


9-9222 


175 


9-7212 


50 


10-0087 


115 


9-9126 


180 


9-7105 


55 


10-0068 


120 


9-8965 


185 


9-6918 


60 


10-0058 


125 


9-8870 


190 


9-6720 


62 


100000 


180 


9-8725 


195 


9-6548 


65 


9-9961 


185 


9-8585 


200 


9-6852 


70 


9-9912 


140 


9-8487 


205 


9-6111 


75 


9-9862 


145 


9-8298 


210 


9-5985 


80 


9-9812 


150 


9-8150 


212 


9-6889 • 


85 


9-9718 






1 





This shows that from the point of greatest density (39^-1) 
water expands both ways, becoming gradually lighter per 
gallon, down to the freezing point and upwards to the boiling 
point. Sea-water has its greatest density at the freezing 
point. Its density at 32^ Far. is 64-06 pounds per cubic foot. 

For calculating the quantities of water contained in either 
cylindrical or rectangular vessels, the following exponents of 
the relative weights and measures of water at its ordinary 
temperature will be useful : — 

For Cylindrical Vessels or Boilers, 

Water. 
Cyl. in. Diam. Length. Lbs. avr. Imp. gal. 

1 or 1 X 1= -02842 or -00284 

12 or 1 X 12= -341 or -034 

1 728 or 1 cyl. ft. = 49-1 or 4-91 

2-282 cyl. ft. = 1 cwt. or 11*2 
45-64 „ =1 ton or 224- 
852-97 cyl. in.= 1 gal. 
1*273 „ =1 cnbicin. 
I- „ = -7854 „ 
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To find the capacity of any other cylinder, multiply the 
square of its diameter by its length, and the product by the 
exponent of the unit of the feet or inches in which the dimen- 
sions may be taken. For elliptical vessels or boilers multiply 
the longest by the shortest diameter, and by the length for 
the capacity in cylindrical inches^ and the product by the re- 
quired exponent. 

For concentric spaces add together the inner and outer 
diameters, and multiply the sum by the difference of these 
diameters, and by the length for the capacity in cylindrical 
inches, which being multiplied by the tabular ex|K)nent will 
give the required quantity. 

Spherical Vessels. 

Ibfl. avr. gal. imp. 
A globe of water 1 in. diam. = '0189 or '001888» or 1 spherical Incli. 
„ 18 „ =32*76 or 3*263, or 1 spherical foot. 

To find the capacity of any other sphere multiply the cube 
of its diameter by the required exponent of unity of the di- 
mensions taken in feet or inches. 

Rectangular and Cubical Vessels, 

Water, 

Cub. in. Sq. length. Lbs. avr. Imp. gal. 

1 or 1 X 1= -03617 or -00361 

12 or 1 X 12= -434 or -0434 

1,728 or 1 cub. ft. =62o or 6-26 

1-8 cub. ft. =1 cwt. or 11*2 

35-84 „ =1 ton or 224- 

277*274 cub.in.=l imp. gal. 

•1 „ =1-273 cyl. in. 

•7854 „ =1- 

The cubical contents of any other rectangular vessel may be 
found by multiplying the length, width, and depth together, 
and their product by the requisite exponent. 
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Table No. III. 
Areas of Seosibnts of a Cibclb ; Diambtbr s= 1. , 



HgM. 



•001 
•002 
•003 
•004 
•006 
•006 
•007 
•008 
•009 
•010 
•Oil 
•012 
•013 
•014 
•015 
•016 
•017 
•018 
•019 
•020 
•021 
•022 
•023 
•024 
'•026 
•026 
•027 
•028 
•029 
•030 
•031 
•032 
•033 
•034 
•036 
•036 
•037 
•038 
•039 
•040 
•041 
•042 
•043 
•044 
•046 
•046 
•047 



Seg. 



•000042 
•000119 
•000219 
•000337 
•000470 
•000618 
•000779 
•000961 
•001136 
•001329 
•001633 
•001746 
•001968 
•002199 
•002438 
•002686 
•002940 
•003202 
•003471 
•003748 
•004031 
•004322 
•004618 
•004921 
•006230 
•005646 
•006867 
•006194 
•006527 
•006865 
•007209 
•007558 
•007913 
•008273 
•008638 
•009008 
•009383 
•009763 
•010148 
•010537 
•010931 
•011330 
•011734 
•012142 
•012564 
•012971 
•013392 



Hghi. 



•048 
•049 
•060 
•061 
•052 
•063 
•064 
•066 
•066 
•067 
•058 
069 
•060 
•061 
•062 
•063 
•064 
•066 
•066 
•067 
•068 
•069 
•070 
•071 
•072 
•073 
•074 
•076 
•076 
•077 
•078 
•079 
•080 
•081 
•082 
•083 
•084 
•085 
•086 
•087 
•088 
•089 
•090 
•091 
•092 
•093 
•094 



Area 6^. 



•013818 

•014247 

•014681 

•016119 

•016561 

•016007 

•016457 

•016911 

•017369 

•017831 

•018296 

•018766 

•019239 

•019716 

•020196 

•020680 

•021168 

•021669 

•022164 

•022662 

•023164 

•0-23659 

•024168 

•024680 

•025196 

•025714 

•026236 

•026761 

•027289 

•027821 

•028356 

•028894 

•029436 

•029979 

•030626 

•031076 

•031629 

•032186 

•032745 

•033307 

•033872 

•034441 

•035011 

•035586 

•036162 

•036741 

•03732S 



Hght. 



•096 
•096 
•097 
•098 
•099 
•100 
•101 
•102 
•103 
•104 
•106 
•106 
•107 
•108 
•109 
•110 
•111 
•112 
•113 
•114 
•115 
•116 
•117 
•118 
•119 
•120 
•121 
•122 
•123 
•124 
•125 
•126 
•127 
•128 
•129 
•130 
•131 
•132 
•133 
•134 
•135 
•136 
•137 
•138 
•139 
•140 
•141 



Area Seg. 



•037909 
•038496 
•039087 
•039680 
•040276 
•040875 
•041476 
•042080 
•042687 
•043296 
•043908 
•044622 
•045139 
•046769 
•046381 
•047005 
•047632 
•048262 
•048894 
•049528 
•060166 
•050804 
•061446 
•052090 
•052736 
•053386 
•054036 
•054689 
•056346 
•056003 
•056663 
•057326 
•057991 
•068668 
•069327 
•059999 
•060672 
•061348 
•062026 
•062707 
•063389 
•064074 
•064760 
•066449 
•066140 
•066833 
•067528 



HgM. 



•142 

•143 

•144 

•146 

•146 

•147 

•148 

•149 

•160 

•161 

•162 

•163 

•164 

•155 

•156 

•157 

•168 

•159 

•160 

•161 

•162 

•163 

•164 

•166 

•166 

•167 

•168 

•169 

•170 

•171 

•172 

•173 

•174 

•176 

•176 

•177 

•178 

•179 

•180 

•181 

•182 

•183 

•184 

•186 

•186 

•187 

•188 



Area Seg. 



•068226 
•068924 
•069626 
•070328 
•071033 
•071741 
•072450 
•073161 
•073874 
•074589 
•075306 
•076026 
•076746 
•077469 
•078194 
•078921 
•079649 
•080380 
•081112 
•081846 
•082682 
•083320 
•084059 
•084801 
•085544 
•086289 
•087036 
•087785 
•088636 
•089287 
•090041 
•090797 
•091554 
•092313 
•093074 
093836 
•094601 
•096366 
•096134 
•096903 
•097674 
•098447 
•099221 
•099997 
•100774 
•101663 
•109334 



Hght. 



Area Seg. 



•189 

•190 

•191 

•192 

•193 

•194 

•196 

•196 

•197 

•198 

•199 

•200 

•201 

•202 

•203 

•204 

•205 

•206 

•207 

•208 

•209 

•210 

•211 

•212 

•213 

•214 

•215 

•216 

•217 

•218 

•219 

•220 

•221 

•222 

•223 

•224 

•225 

•226 

•227 

•228 

•229 

•230 

•231 

•232 

•233 

•234 

•236 



•103116 
•103900 
•104686 
•105472 
•106261 
•107051 
•107842 
•108636 
•109430 
•110226 
•111024 
•111823 
•112624 
•113426 
•114230 
•116035 
•116842 
•116650 
•117460 
•118271 
•110083 
•119897 
•120712 
•121629 
•122347 
•123167 
•123988 
•124810 
•125634 I 
•126459 
•127285 
•128113 
•128942 
•129773 
•130605 
•131438 
•132272 
•133108 
•133945 
•134784 
•136624 
•136465 
•137307 
•138160 
•138995 
139841 ! 
•140688 I 
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HphtJ Area Beg. 



•236 

•237 

•238 

•239 

•240 

•241 

•242 

•243 

•244 

•245 

•246 

•247 

•248 

•249 

•250 

•251 

•252 

•253 

•264 

•255 

•256 

•257 

•258 

•259 

•260 

•261 

•262 

•263 

•264 

•265 

•266 

•267 

•268 

•269 

•270 

•271 

•272 

•273 

•274 

•275 

•276 

•277 

•278 

•279 

•280 

•281 

•282 

•283 

•284 

•285 

•286 

•287 

•288 



•141537 
•142387 
•143238 
•144091 
•144944 
•145799 
•146655 
•147512 
•148371 
•149230 
•150091 
•150953 
•151816 
•152680 
•153546 
•154412 
•155280 
•156149 
•157019 
•157890 
•158762 
•159636 
•160510 
•161386 
•162263 
•163140 
•164019 
•164899 
•165780 
•166663 
•167546 
•168430 
•169315 
•170202 
•171089 
'171971 
•172867 
•173758 
•174640 
•175542 
•176435 
•177330 
•178225 
•179122 
•180019 
•180918 
•181817 
•182718 
•183619 
•184521 
•185425 
•186329 
•187234 



HglitJ Area Seg. 



•289 
•290 
•291 
•292 
•293 
•294 
•295 
•296 
•297 
•298 
•299 
•300 
•301 
•302 
•303 
•304 
•305 
•306 
•307 
•308 
•309 
•310 
•311 
•312 
•313 
•314 
•315 
•316 
•317 
•318 
•319 
•320 
•321 
•322 
•323 
•324 
•325 
•326 
•327 
•328 
•329 
•330 
•331 
•332 
•333 
•334 
•335 
•336 
•337 
•338 
•339 
•340 
•341 



•188140 
•189047 
•189955 
•190864 
•191775 
•192684 
•193596 
•194509 
•195422 
•196337 
•197252 
•198168 
•199085 
•200003 
•200922 
•201841 
•202761 
•203683 
•204605 
•205527 
•206451 
•207376 
•208301 
•209227 
•210154 
•211082 
•212011 
•212940 
•213871 
•214802 
•215733 
•216666 
•217599 
•218533 
•219468 
•220404 
•221340 
•222277 
•223215 
•224154 
•225093 
•226033 
•226974 
•227915 
•228858 
•229801 
•230745 
•231689 
•232634 
•233580 
•234526 
•235473 
•286421 



Hght. 



•342 
•343 
•344 
•345 
•346 
•347 
•348 
•349 
•350 
•351 
•352 
•353 
•354 
•355 
•356 
•357 
•358 
•359 
•360 
•361 
•362 
•363 
•364 
•365 
•366 
•367 
•368 
•369 
•370 
•371 
•372 
•373 
•374 
•375 
•376 
•377 
•378 
•379 
•380 
•381 
•382 
•383 
•384 
•385 
•386 
•387 
•388 
•389 
•390 
•391 
•392 
•393 
•394 



Area Seg. 



•237369 
•238318 
•239268 
•240218 
•241169 
•242121 
•243074 
•244026 
•244980 
•245934 
•246889 
•247845 
•248801 
•249757 
•250715 
•251673 
•252631 
•253590 
•254560 
•255510 
•266471 
•267433 
•258395 
•259367 
•260320 
•261284 
•262248 
•263213 
•264178 
•265144 
•266111 
•267078 
•268045 
•269013 
•269982 
•270951 
•271920 
•272890 
•273861 
•274832 
•275803 
•276775 
•277748 
•278721 
•279694 
•280668 
•281642 

•282617 
•283592 
•284568 
•285544 
•286521 
•287498 



Hght 



•396 
•396 
•397 
•398 
•399 
•400 
•401 
•402 
•403 
•404 
•405 
•406 
•407 
•408 
•409 
•410 
•411 
•412 
•413 
•414 
•415 
•416 
•417 
•418 
•419 
•420 
•421 
•422 
•423 
•424 
•425 
•426 
•427 
•428 
•429 
•430 
•431 
•432 
•433 
•434 
•435 
•436 
•437 
•438 
•439 
•440 
•441 
•442 
•443 
•444 
•445 
•446 
•447 



Area Seg. 



•288476 
•289463 
•290432 
•291411 
•292390 
•293369 
•294349 
•296330 
•296311 
•297292 
•298273 
•299255 
•300238 
•301220 
•302203 
•303187 
•304171 
•305165 
•306140 
•307126 
•308110 
•309095 
•310081 
•311068 
•312064 
•313041 
•314029 
•316016 
•316004 
•316992 
•317981 
•318970 
•319959 
•320948 
•321938 
•322928 
•323918 
•324909 
•325900 
•326892 
•327882 
•328874 
•329866 
•330858 
•331850 
•332843 
•333836 
•334829 
•335822 
•836816 
•337810 
•338804 
•339798 



Hght. 



•448 
•449 
•460 
•451 
•452 
•453 
•454 
•465 
•456 
•457 
•468 
•459 
•460 
•461 
•462 
•463 
•464 
•465 
•466 
•467 
•468 
•469 
•470 
•471 
•472 
•473 
•474 
•475 
•476 
•477 
•478 
•479 
•480 
•481 
•482 
•483 
•484 
•485 
•486 

•487 
•488 
•489 
•490 
•491 
•492 
•493 
•494 
•495 
•496 
•497 
•498 
•499 
•600 



Area Seg. 



•340793 

•341787 

•342782 

•343777 

•344752 

•345768 

•346764 

•347759 

•348755 

•349752 

•360748 

•351745 

•362742 

•363739 

•364736 

•365732 

•366730 

•357727 

•358725 

•369723 

•360721 

•361719 

•362717 

•363716 

•364713 

•365712 

•366710 

•367709 

•368708 

•369707 

•370706 

•371704 

•372704 

•373703 

•374702 

•375702 

•376702 

•377701 

•378701 

•379700 

•380700 

•381699 

•382699 

•383699 

•384699 

•385699 

•386699 

•387699 

•388699 

•389699 

•390699 

•391699 I 

•392G09 
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PROBLEM. 

Tojmd the Area of a Segme^it of a Circle, 

Rule. — Divide the height, or versed sine, by the diameter 
of the circle, and opposite the quotient in the column of 
heights in the annexed Table, No. 3, take out the area, in 
the column on the right hand, and multiply it by the square 
of the diameter, for the area of the segment. 

Example. — Required the area of a segment of a circle, 
of v^hich the height is 9 inches and the diameter of the 
circle 58 inches. 

9-4-68=-155 and opposite •155=-07747x 682=261-5 sq. in. 
X 1*273=831 cubic inches, as the required area. 

In calculating the separate contents of a cylindrical boiler, 
segmental spaces require to be measured, and for this purpose 
the foregoing tabular area of 500 segments or one-half of a 
circle whose diameter is 1, or unity, will be useful. The areas 
are in square measure, which requires to be multiplied by 
1 *273 for circular inches. 

The following practical examples will show how part of 
these exponents may be usefully applied to ascertain very 
nearly the quantity of water which is in any boiler or tender, 
or other vessel. 

Example 1. — Taking the dimensions of the £ord of the 
Isles' locomotive boiler to be as under, required the quantity 
of water in tons and in gallons which would fill it to the 
water line 9 inches below the top of the cylindrical part of 
the boiler. 

Dimensions. 

CyLiNDRiCAL PART, 11 ft. long by 58 in. diameter, con- 
taining 303 tubes each 2 in. external diameter, and 10 iron 
stay rods each 1^ in. diameter. Steam space a segment of 
the top of this part whose height or versed sine is 9 in. 

Fire-box part, 71 in. wide, 66 in. long, and 63 in. mean depth. 

Less inside fire-box, 64 „ 60 „ 63 „ 



WATEB. 



Ill 



LeaYing water spaces- 
Front and back, 71 in. wide, 63 in. deep, and 3 in. mean space. 
Two sides, each 60 in. long, 63 „ 3} „ 

Top of fire-l)ox, 69 in. wide, 9 „ 66 in. long. 

Partition, 63 „ 61 „ 4 in. space. 

Less — 

n II u Ciic. in. 

Fire-door, 21 X18 X 3 tubes, =1,212 X 3 in. long. 
12 stays l^X 6^X60, 10 stay-rods 1} diam. X 66 in. long. 

Steam space, a segment of the top of the fire-box whose 

height or versed sine is 15 inches of a circle 71 inches 

diameter. 

Boiler, 



S^. 



Ft' re Box 



i 






Space 



' TUbelen^ 



B0£ 



— fyJMdrJtai- part- 



^ ** ~ n. 



Fire \ Space 

I 

jFVtv U Grale 






J 



Fig. 74.— Longitudinal Section. 
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Fig. 76.— Transverse Section of Fire-Boz. Fig:. 76.— Plan of Fire-Boz. 

These three diagrams give an outline of the internal ar- 
rangement of the water, fire, and steam spaces in the Lord of 
the Isles locomoti . e boiler. 

Fig. 74 is a longitudinal section, showing the front and 
back water spaces between the outside shell of the boiler and 
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inside fire-box. The transverse central water space wbich 
reaches np to the level of the fire door in the centre, and 
higher at the sides, is also shown. The fire-box is thus divided 
into two rectangular spaces, whose flat sides are strongly 
secured by numerous copper stays to the outside shell to resist 
the force of the steam. From the smallness of the diagrams 
these stays are not shown, but only one of the strong wrought- 
iron stays necessary to support the flat top of the fire-box ; 
803 tubes, each 11 ft long by 2 inches external diameter, 
convey the heated gases from the fire to the chimney, usually 
placed on the top of the smoke-box. The line of the water 
level shows the comparative depth of the sectional steam and 
water spaces, whilst the line of the tubes and top of the fire- 
box shows the heating space. 

Fig. 75 is a transverse sectional view of the fire-box, 
showing the two side water spaces between the inside and 
outside boxes, which are also strongly secured together by 
copper stays. The complete circle shows the area of the 
cylindrical part of the boiler, and the larger circle the area of 
the fire-box outside shell. The water line shows the com- 
parative steam space in each of these parts. 

Fig. 76 is a plan of the fire-box, showing how the circula- 
tion of the water spaces is arranged, and which spaces com- 
municate with the cylindrical part below the tubes, as shown 
in Fig. 74. 

From these dimensions we have for the cylindrical parts — 

Cir. in. 

Sectional area of boiler as 58^ =3364 

Cir. in. 
Less tubular area of 303 tubes X22= .... 1212 

And segmental steam space=:|fV=s'l^o ='07747 (tab. 

num.)X68«=260 8q. in.Xl'273 • • . ss331 

1643 



Leaving a sectional water area of • • • • • 1821 
Which multiplied by the length= 1821X182= 240,372 cy. in. 
The tubular spacess:1212 area X 132 length =169,984 cy. in. 
The steam spaco=331 area X 132 lengths 4 3,692 cy. in. 
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For the fire-box or rectangular parts we have— 

Gab. in. 
Front and back spaces =71 in.X63 in. deepX 3 in. wideX2=26838 

Side spaces = 60 in. x 63 in. deep x 8 1 in. wide x 2 = 26460 

Partition spaces r=63 in.X^l in. deep X 4 in. wideX 1=12862 

Top of fire-box =66 in. X 9 in. deep X 69 in. wide XI =40986 

107136 
Deduct for back tubo8=1212 cub. in.X 3 X-7854 =2856 
For front fire-door=21 X 18 X 13 =1134 

For stays of sides, ends, and partitions, ^ of space =4134 

For top of box-stays i of water space =8193 

16317 



90819 
Or by taking the space inchided within the outside fire-box, 

and deducting the inside one, thus, 

Oatside box =71 wide X 66 long X 63 deep=295218 
Less inside box=64 wide X 60 long X 63 deep=241920 

53298 
Add partition and top as above • • . 63838 

107136 
Less deductions as above . • • • 16317 



Total water space round fire-box , . 90819 
Steam space=H=-211=s-120713 (tab. num.) x 71* -609 sq. in. area, 
and 609 X 66 length=40,014 sq. in. steam space on top of fire-box. 

Summary. 
Steam Space, 

Cub. in. Cy. in. or Oub.in. 

Cylindrical part= 43692 X •7854=34315 

Fire-box part =40014 X 1-273=50938 X =40014 

Total steam space . . 94630 or 74329 

Compared with the capacity of the cylinders 

94630 
=18 in. diameter by 24 in. stroke=18«x 24=-jy^ =12-17 

times the capacity of 1 cylinder, or 6 times the capacity of the 
two cylinders. 

Water Space, 

Cub. in. Cjr. in. or Gab. in. 

Oylindrical part= 240372 x '7854=188788 

Fire-box part =90819 X 1-278=115612 ss 90819 

Total water space . 355984 or 279601 

I 
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Cjrl. in. Ibfl. lbs. av. t e. q. Ibi. 

And 366984x-02842=^^=4-616 tons, or 4 10 1 7 
And 355984X*00284 =1011-7 gallons of water. 

And by cubic measure, 

Cab. in. Ibi. lbs. av. 

279607 X -03617= ^^=4-614, or 4 10 l' ^V* 
and 279607 X '00361 =1011*3 gallons, 

being a difference of 4 lbs. on the whole quantity, arising from 
the exponents being approximate and not strictly correct, but 
sufficiently near for practical purposes. 

Heating Space. 

Cab. in. Cy. in. Cab. in. 

Tubular space » 159984 X '7854 = 125661 

Fire-box = 241920X1-278 = 307964 =241920 



467948 or 



367571 



Total heating space 

Tabular Abstract of Boiler Contenii. 

Cj. in. Cub. in. Cnb. ft. 

Steam space .... 94630 or 74329 or 4302 

Water space .... 355984 or 279607 or 161-80 

Heating space . . • . 467948 or 367571 or 212-70 

Example 2. — Taking the dimensions of the tender water- 
tank of the Lord of the Isles* locomotive engine as under, 
fig. 77, required the quantity of water it will contain iu 
lbs., in tons, and in gallons? 



Flan 



? 











Fig. 77.— Tank of Tender. 

Length, 16' 6"; width, 8' 4"; depth, 2' 7J"; less coke space, 7* 3" long 
and 4' 2" wide and 2' 7}" deep, 



WATBR. 
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Cab. in. Cub. ft 

l78''xl00"x31-6"=623700-rl728=:360-9 
less 87"X 60"X81-6''=137026-rl728= 79-3 



486675 281-6. 

Cub. in. lbs. 
and 486675 X '03617=17603 lbs. 
which divided by 2240=7 tons 17 cwt. qr. 18 Iba. 
for gallons 486675 X '00361=1760 gallons, 
or 281 6 cube ft. X 6*25=1760 gallons. 

Abstract of Tender Contents. 



Coke space . 
"Water space 



Cub. in. Cub. ft 
137025 or 79 27 
623700 or 36090. 



Impurities of Wateii. 

Since nothing bnt pure water is converted into pure Bteam, 
the impurities of water are either deposited on the boiler or, 
by the action of chemical agents, partly carried away in the 
steam, to the detriment of slide-valves and pistons. The 
following Table will convey an idea of the impurities in well, 
river, and canal water. 

All the London waters are from Professor Brando's Report. 
The New Swindon water is by Dr. Herapath, the eminent 
chemist, of Bristol. 

TABLE No. IV. 

Imfuritibs in Onb Gallon of Water 

(70,000 grains = I imperial gallon.) 







Grains. 




PerOeni 


Thames at Greenwich . 




27-9 V 


CO 


00398 


„ London Bridge 




28- 




•004 


„ Westminster 




24-4 


•0035 


„ Brentford «. 




19-2 


•00274 


», Twickenham 




22*4 




•0032 


„ Teddington 




17-4 * 


d 


•0025 


New River . . . , 




19-2 




•002 


Colne 




21*3 




•00304 


Lea 




23-7 




•00388 


Bavensborne, at Deptford 




20- 




•00285 


Goombe and Delafield*s Well, 


, deep 


56-8 




•0081 
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TABLE No. lY. {eontinued). 



Grains. 


Per Cent 


Apothecaries' Hall, Blnckfrian, deep 45* 


•00643 


NottingHill . . . „ 60-6 


•00865 


Royal Mint . . . . „ 37-8 


•0054 


Hampstead Wator Works . „ 40- 


•00571 


Berkeley Square . . . „ 60* 


•00857 


Tilbury Fort . , . „ 75- 


•01071 


Coding's Brewery . . „ 50* 


•00714 


„ . shallow 110' 


•01571 


More's Brewery, Old Street, deep 38-9 


•006657 


„ shallow 110' 


•0157 


Trafalgar Square Fountains, deep 68*9 


•00984 


St. Paul's Churchyard . . „ 75' 


•01071 


Bream's Buildings . • . lid* 


•01643 


St. Giles, Holborn . . . 105' 


•015 


St. Martin's, Charing Cross . • 95* 


•01357 


Postern Row, Tower . . .98' 


•014 


Artesian Well at Grenelle, Purii . 9*86 




New Swindon Canal, filtered . 32*16 


•00014 



Of these a detailed analyBis of the Roynl Mint water, by 
Profesaor Brande, and of the New Swindon filtered canal 
water, by W. Herapath, Esq., of Bristol, will show the nataro 
of these inapurities. 

In one gallon of water from the Royal Mint well there 
were — 

Proximate Saline Compmenta, 

Grains. 
Chloride of sodium 10-53 

Sulphate of soda 13*14 

Caibonate of soda 

„ lime 

„ magnesia .... 

Silica 

Organic matter 

Phosphoric acid 

Iron 



. 8-63 
. 3*5 
. 15 
05 

traces of. 



Substances in the Water, 

Sulphuric acid .... 

Chlorine 

Carbonic acid (after boiling) 

Silica 

Sodium combined with chlorine . 




7-44 
6-31 
5-84 
0-50 
4-22 



WATER. 117 

QnhuL 
Soda combined with sulphuric and carbonic acid 10-87 

Lime 1-96 

Magnesia • 0*71 

Organic matter \ 

Phosphoric acid > traces of. 

Iron / 

la one gallon of New Swindon water there were — 

Grains in a Qallon. 

Chloride of magnesium (bittern) • • . '464 

Sulphate of „ (Epsom salts) • . •048 

Sulphate of soda (glauber salts) . . 5*744 

Chloride of sodium (common salt) . • • 2*736 

Carbonate of lime (chalk) 12*16 

Sulphate of lime (gypsum) . • • • 10*4 

Organic matter (vegetable extract) • • • '608 

3216 

This water averages 20 grains of hardness, as it is called, 
which is more than the average of the London or Bristol 
spring waters, which run from 12 to 16 grains. By boiling 
the water is reduced to 12 grains hardness. 

These analyses of water indicate that locality has much to 
do with its comparative purity, and that in London the 
shallow wells above the chalk, or about 200 to 220 feet deep, 
are more impure than those deep wells which draw their 
supplies below the chalk, or about 400 to 426 feet deep, as at 
the Royal Mint. 

By knowing the particular impurities in any particular 
water, the practical engineer can decide with confidence 
whether it is or is not desirable to employ any chemical 
agent, such as oxalic acid, carbonate of potash, or soda, to 
precipitate, or nitric, muriatic, or acetic acid, to hold in so- 
lution and pass through with the steam some one of these 
impurities. 

If only one agent, such as muriate of ammonia, be used, 
which thus holds in .solution one of the impurities, say car- 
bonate of lime, whilst the others, such as the sulphate of lime, 
are deposited by boiling ; then it may even be more than 
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doubtfal if there be any present gain, and scarcely doubtful 
as to future injury to the rubbing surfaces of the machinery 
and to the boiler itself. 

The effect of acids on iron is well known, and, notwith* 
standing their dilution when used in boilers, they appear to 
exercise injurious effects on particular makes of iron. In 
some locomotive boilers where muriate of ammonia has been 
employed, the internal surface of the part below the tubes 
was so deeply oxydized in numerous spots as to render it 
necessary to replace the plates to prevent accidents. In other 
boilers this effect is not so apparent. This difference is pro- 
bably owing to the quality of the iron, or to the greater or 
lesser quantity of oxygen or other bodies it contains, having 
more or less affinity for acids. Similar results are observed 
from the action of the fire upon copper fire-boxes, where one 
fire-box will last much longer than another. The advocates 
of these chemical agents deny their injurious action, but the 
accumulating evidence of observed destruction of tender 
tanks and boilers is a strong presumption that they cannot 
be used safely with every sort of iron, even if their employ- 
ment were otherwise beneficial. Dr. Davies's apalysis of 
deposits in locomotives shows that they contain carbonate and 
sulphate of lime with a little magnesia, protoxide of iron, 
silica and carbonaceous matter. 



CHAPTER V. 
HEAT. 

Heat is measured by an instrument called a tJiermometer, and 
the quantity, indicated on a scale of equal parts, is designated 
its temperature. 

The general effect of heat upon all bodies is to increase 
their bulk in some unascertained ratio to their destiny and 
molecular formation, excepting those bodies which diminish 
in volume, by heat evaporating the water they contain, such 
as newly cut peat or clay. 

Solids expand least, fluids next, and gases most by equal 
increments of heat. As compared with each other, neither 
solids nor fluids of the same class expand equally — ^a fact which 
has hitherto prevented any general law being defined for the 
rate of expansion of each class. Usually, though not always, 
the lighter bodies expand more than the heavier ones, as 
alcohol expands more than water, and water more than 
mercury. 

Platinum, gold, silver, and zinc follow the general law ; but 
copper, iron, and marble form exceptions. 

The following Table (No. V.) shows, in average, the lineal 
expansion of solid bodies, from 32^ to 212^. 

The linear expansion multiplied by three gives the total 
or cubical expansion nearly. Thus for iron it would be 1 
in 271, and for lead 1 in 117. The contracting power of 
expanded iron is usefully employed in various ways ; it was 
the means used to draw the walls of the Museum of Arts in 
Paris from an inclining to a vertical position. 
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TABLE No. V. 

AVBRAOBS OF THB LiNEAB EXPANSION OF MbTALS FBOM 32^ TO 212^. 



Name. Inereaaed length at S18°. 
Zinc, sheet 1 part in 
Zinc, cast 
Lead 
Tin, pure 
Tin, impure 
Silver 
Copper 
Brass 
Gold 
Bismuth 



If 

if 
>» 
>» 
»» 
f> 
*t 
f» 



340 
322 
351 
403 
516 
624 
581 
584 
682 
719 



Name. Increaaed lengUi 
Iron 1 part in 

Antimony 
Palladium 
Platinum 
Glass 
Marble 
L:on, soft 
Iron, cast 
Steel, tempered 
Steel 



ft 

*f 
ft 
II 
» 
II 
II 
i> 



atSlS^'c 
812 
923 
1000 
1167 
1160 
2833 
818 
900 
806 
926 



Sheet zinc, as employed on roofs of buildings or for cover- 
ing locomotive boilers, exhibits in a marked manner the 
effects of expansion, in causing it to ** blister and crack,* 
which renders it an inferior article for such purposes. 

The following Tables show the expansion of fluids and of 
air from 32^ to 212*=^ F. ; not lineally, but by volume :— 



TABLE No. VI. 
Expansion of Fluids bt thb Addition of ISO** of Hbat, or at 212°. 

v.»« • Tolnme at 8Sr, at81S\ 

'*"^ Cub. ft Cub. ft. 

Air 1 part in 2*74 or 1000 become 1366 

Alcohol 1 9 1000 1110 

Nitric acid (s. g. 1*4) . . . 1 9 1000 1110 

Fixed oils 1 .12 1000 1080 

Turpentine 1 14 1000 1070 

Sulphuric ether . . .1 14 1000 1070 

Sulphuric acid (s. g. 1-85) . .1 17 1000 1060 

Hydrochloric acid (s. g. 1*137) . 1 17 1000 1060 

Saltwater 1 20 1000 1050 

Water 1 22 1000 1047 

Mercury 1 65 1000 1018 

Mercury, apparent in glass . 1 65 1000 1015 

The Table No. VII. shows the volumes of one pound of 
air at temperatures from 32"" to 212^ F., together with the 
ratios of these volumes ; the volume at 62'' being taken as 
1*000. The pressure is assumed to be constant, and equal 
to the atmospheric pressure of 14*7 lbs. per square inch. 
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TABLE No. VII. 

Volume of one Pounp of Air at Tempebaturbs from 32° to 

212° F. 



Tempe- 
rature. 


Volume of one pound of air, 


Tempe- 
rature. 


Volume of one pound of air, 


at a constant pressure of 
14*7 lbs. per square inch. 


at a constant pressure of 
14*7 lbs per square inch. 


Fahr. 


Cubic feet. 


Ratio. 


Fahr. 


Cubic feet. 


Ratio. 


32° 


12-387 


.943 


120° 


14-592 


1 111 


40 


12-586 


•958 


140 


15-100 


1-149 


50 


12-840 


•977 


160 


15-603 


1-187 


62 


13141 


1-000 


180 


16-106 


1-226 


70 


13-342 


1^015 


200 


16-606 


1-264 


80 


13-593 


1034 


210 


16-860 


1-283 


90 


13-845 


1-054 


212 


16-910 


1-287 


100 


14-096 


1-073 









Thermometers. 

The general law of expansion by heat, as shown in these 
tables, suggested the mode of measuring the heat in any 
body by comparison with the rate- of expansion in a given 
body. The medical advantages of determining the compara- 
tive temperatures of the body and the air in sick-chambers 
led Sanctori, an Italian physician, to construct an air ther- 
mometer in 1590, to aid him in his practice, being the 
earliest we have an account of. In 1655, alcohol was sub* 
stituted for air; and although both air and spirit ther- 
mometers are employed in scientific investigations at very 
high or very low temperatures, mercurial thermometers are 
generally used. 

The qualities of mercury for the thermometer are its 
fluidity through a range of 687° under atmospheric pressure, 
and about 630^ in the vacuum of a thermometer, where its 
fluidity extends 39° below the freezing point of water, and 378^ 
above its boiling point. Mercury is not, however, a perfect 
materia], as its rate of expansion increases for equal incre- 
ments of heat at high temperatures, and it also deteriorates by 
use, which renders it necessary to check its indications for 
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minute investigations by the more uniform expansion of the 
air thermometer. 

Its specific gravity is 13'6. At 690^ it begins to boil in 
the thermometer, but it does not boil until 687^ in the open 
%ir. 

Mercurial ThermomeUr. 

This instrument is usually made with a slender glass tube 
of equal bore, having an enlarged end, which, with a part of 
the tube, is filled with mercury. It is then made to boil, that 
the expansion of the mercury may expel the air from the 
unfilled part of the tube, when the open end is fused together 
to prevent the admission of any more air. Thus enclosed 
from the pressure of the atmosphere, the mercury ascends by 
expansion as heat is communicated to it, or descends by con- 
traction as heat is withdrawn from it. To give two fixed 
points in a scale of parts for the rise and fall of mercury, the 
freezing and boiling points of water are adopted. 

These poiats are obtained by immersing the prepared tube 
containing mercury alternately in freezing and boiling water, 
and marking the level at which the mercury becomes station- 
ary in each trial. The distance between these points is then 
divided into a number of equal parts, and the scale extended 
as required. In this country thermometers are understood 
to be so adjusted, when the pressure of the air supports 30 
inches of mercury. 

It is to be regretted that the thermometers of different 
countries are differently divided. The distance between the 
freezing and boiling points is by Fahrenheit divided into 180 
parts, by De Lisle into 150 parts, by Celsius into 100 parts, 
hence called the Centigrade scale, and by Reaumur into 
80 parts, whose thermometers are all in use in different 
parts of Europe. Diagrams figs. 78, 79, 80 and 81 wiU 
show the relation these scales bear to each other. 
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Comparatively, therefore, the preceding thermometera 
stand thus : 



Fahr. 
Boiling 212 

Freezmg 32 

No. of equal parts = 180 
Ratio of parts = 9 

or thus : — 

I' of Fahr. = 4 of 1 of De Lisle's, or Fahr.xf =!>« Lisle* s. 

1 „ = f of 1 of Cent. „ x8=0Bnt. 

1 „ = I of 1 of Reaum. „ xl=R«aum. 



Delide. 


160 

160 

= 7-6 = 



Celsius or 

Cent. 

100 



IGO 

6 



BeauHU 
80 



80 

4 
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• of De Li8le's=li of 1 of Fahr., or De Li8le'8xl=Fahr. 
„ = If of 1 of Cent. „ Xi?=Cent. 
„ = A^ of 1 of Reaum. „ XA=Heaum. 

• of Cent. = 1 J of 1 of Fahr., or Cent X f =Falir. 
„ =1J of 1 of De Lisle's „ xf =De Lisle's. 
„ = I of 1 of Eeuam. ,, xf=Heaum. 

° of Reaum. =2^ of 1 of Fahr., or Reaum. xf =Fabi'. 

„ =11 of 1 of De Lisle's „ xV=I)e Lisle'a. 

„ =li of 1 of Cent. „ xf=Cent. 

The multiplierB are thus need — 

180 Fahr.x 1=^-^^=150'' De Lisle's. 

IfiODeLisle'sXf orl-2=^^y^^l80*» Fahr. 
or 160X1-2= 180** Fahr. 

80 Reaum. X V=— y^=160" De Lisle's. 

180X5 
180 Fahr.x 1= — ^=100° Cent. 

100X9 
100 Cent. X f or 1'8 = f — 180° Fahr. 

or 100x1*8=180' Fahr. 

Whilst hy these multipliers we are enabled to convert the 
degrees of one into those of the other, yet, as their notation 
is different, it requires attention to subtract the 32^ of 
Fahrenheit from the reading off other scales, before the 
multiplier is used. Thus Fahr. 212*'- 32 x f = 100*' Cent. 

From the freezing point to zero, it requires the number 
for a Fahrenheit scale to be subtracted from 32°. Thus, 

Fahr. 14, then 32-14: x|= 10 Cent. 
Below zero, it requires the 32" to be added. Thus, 
Fahr. -68> 32^X1=50° Cent., 

and in like manner with Reaumur's scale. 

De Lisle's notation, commencing at 212° Fahrenheit's, 
100* Cent., and 80° Reaumur, requires the quantity found by 
the multipliers to be deducted from 150° for the reading on 
his scale : thus 206° Fah. = 5** De Lisle's, for 
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206-32x5 



145 and 150-145=5° De Lisle's. 



For it will be observed they differ in their zero or starting-point 
as well as in their scale of parts. Fahrenheit having, in 1709, 
artificially obtained a degree of cold 32° below the freezing 
point of water, imagined it to be the greatest possible cold, 
and fixed it as the starting-point for his scale used in this 
country. Recent experiments have, however, reached as low 
as 166° below Fahrenheit's zero. Reaumur, in 1730, fixed 
his zero at the freezing point, as also did Oelsius, whose scale 
is used in France; but, in 1733, De Lisle fixed his zero at the 
boiling point. Thus, in reading off De Lisle's own scale, say 
at SO"", it would be 150° (the range between boiling and 
freezing) — 80 = 70° above- the freezing point. 

From this brief explanation of thermometers it will be 
obvious that one uniform scale, such as the centigrade or 
decimal scale, would be far preferable for both scientific and 
practical purposes, avoiding a constant recourse to calculation 
to ascertain the comparative temperatures. 

In this respect the following Table will be found useful. 



TABLE No. Vin. 

COMFA&ATIVB TsMPERATUBBS BT FaHB., Db LiSLK, CbNTIGRADE, 

Bbaum., from 600'' Fahr. to Frbszino Point of MKUcnuY. 



Fahr. 



600 

680 
560 
540 
520 
500 
490 
480 
470 
460 
450 
440 



De Lisle. 



823-8 

806-6 

290-6 

278-8 

256-6 

240- 

281-6 

223-8 

215- 

206-6 

198-8 

190- 



Cent 



815-5 

304-4 

293-3 

282-2 

271-1 

260- 

254-4 

248-8 

243-3 

237-7 
232-2 
226-6 



Beamn. 



252-4 

243-5 

234-6 

225-7 

216-8 

208- 

203-5 

199-1 

194-6 

199-2 

185-8 

181-4 



I 

Fahr. De Lisle. 



480 
420 
410 
400 
895 
390 
385 
880 
875 
870 
865 
860 



181-6 

173-8 

165- 

156-6 

152-4 

148-3 

1441 

140- 

135-8 

181-6 

127-5 

128-8 



Cent. 



221-1 

215-5 

210- 

204-4 

201-6 

198-8 

196-1 

193-2 

190-5 

187-7 

185- 

182-2 



Beanm» 



176-8 

172-4 

168- 

163-5 

161-3 

159-1 

156-9 

154-6 

152-4 

150-2 

148- 

145-8 
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Falir. 
855 


De Lisle. 


Cent 


Bearnn. 


Fahr. 
802 


De lisle. 


Cent. 


B— iim. 


119-16 


179-4 


148-5 


76- 


160- 


120- 


850 


115- 


176-6 


141-8 


801 


74-1 


149-4 


119-6 


845 


110-88 


174- 


189- 


800 


78-8 


148-8 


1191 


840 


106-6 


171-1 


186*8 


299 


72-5 


148-8 


118-6 


889 


105-8 


170-6 


186-4 


298 


71-6 


147-7 


118-2 


888 


105- 


170- 


186- 


297 


70-8 


147-2 


117-7 


887 


104-1 


169-4 


185-5 


296 


70- 


146-6 


117-8 


886 


108-8 


168-8 


1841 


296 


69-1 


146-1 


116-8 


885 


102-5 


168-8 


184*6 


294 


68-8 


145-5 


116-4 


884 


101-6 


167-7 


184-2 


298 


67-6 


145- 


116- 


888 


100-8 


167-2 


188*7 


292 


66-6 


144-4 


115-6 


882 


100- 


166-6 


188*8 


291 


66-8 


148-8 


116-1 


881 


99-1 


166-1 


182-8 


290 


65- 


148-8 


lU-6 


880 


98-8 


165*5 


182-4 


289 


64-1 


142-7 


114-2 


829 


97-5 


165- 


182- 


288 


68-8 


142-2 


118-7 


828 


96-6 


164-4 


181-5 


287 


62*5 


141-6 


118-8 


827 


95-8 


168-8 


181-1 


286 


61-6 


141-6 


112-8 


826 


95- 


168-8 


180 6 


286 


60-8 


140-6 


112-4 


825 


94-1 


162-7 


180-2 


284 


60- 


140- 


112- 


824 


98-8 


162-2 


129-7 


288 


691 


140-4 


111-6 


828 


92-5 


161-6 


129-8 


282 


68-8 


189-8 


111-1 


822 


91-6 


161-1 


128-8 


281 


57-6 


189-8 


110-6 


821 


90-8 


160-5 


128-4 


280 


56-6 


188-7 


110-2 


820 


90- 


160- ' 


128- 


279 


65-8 


188-2 


109-7 


819 


89-1 


159-4 


127-6 


278 


55- 


187-6 


109-8 


818 


88-8 


158-8 


1271 


277 


54-J 


186-1 


108-8 


817 


87-5 


158-8 


126-6 


276 


53*8 


185-6 


108-4 


816 


86-6 


157-7 


126*2 


275 


52-5 


186- 


108- 


815 


85-8 


157-2 


1257 


274 


51-6 


184-4 


107-6 


814 


85- 


156-6 


126-7 


278 


60-8 


188-8 


107-1 


818 


84-1 


156-1 


124-8 


272 


50- 


188*8 


106-6 


812 


88-8 


155-5 


124*4 


271 


49-1 


182-7 


106-2 


811 


82-5 


155- 


124- 


270 


48-8 


182-2 


106-7 


810 


81-6 


154-4 


128-6 


269 


47-6 


181-6 


106-8 


809 


80-8 


158-8 


128*1 


268 


46-6 


1811 


104-8 


808 


80- 


158-8 


122*6 


267 


46-8 


180-6 


104-4 


807 


79-1 


152-7 


122*2 


266 


46- 


180- 


104* 


806 


78-8 


152-2 


121-7 


265 


441 


129-4 


108-6 


805 


77-5 


151-6 


121-8 


264 


48*8 


128*8 


108-1 


804 


76-6 


151-1 


120-8 


268 


42*6 


128-8 


102-6 


808 


75-8 


150*5 


120*4 


262 


41-6 


127-7 


102-2 
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Vahi, 

261 


DeljiBle. 


Cent. 


Beaum. 


Fahr. 


De Lisle. 


Cent. 


Beanm. 


40-8 


127-2 


101-7 


220 


6-6 


104-4 


88-5 


260 


40- 


126-6 


101-8 


219 


6-8 


108-8 


88-1 


259 


89-1 


126-1 


100-8 


218 


6- 


108-8 


82-6 


258 


88-8 


125-5 


100-4 


217 


41 


102-7 


82-2 


257 


87-5 


125- 


100- 


216 


8-8 


102-2 


81-7 


256 


86-6 


124-4 


99-5 


215 


2-5 


101-6 


81-8 


255 


85-8 


128-8 


99-1 


214 


1-6 


1011 


80-8 


254 


85- 


128-8 


98-6 


218 


•8 


100-6 


80-4 


258 


841 


122-7 


98-2 


212 


zero 


100- 


80- 


252 


88-8 


122-2 


97-7 


211 


•8 


99-4 


79-6 


251 


82-5 


121-6 


97-8 


210 


1-6 


98-8 


79-1 


250 


81-6 


121-1 


96-8 


209 


2-5 


98-8 


78-Q 


249 


80-8 


120-5 


96-4 


208 


8-8 


97-7 


78-2 


248 


80- 


120- 


96- 


207 


41 


97-2 


77-7 


247 


29-1 


119-4 


95-5 


206 


6- 


96-6 


77-8 


246 


28-8 


118-8 


951 


205 


6-8 


96-1 


76-8 


245 


27-6 


118-8 


94-6 


204 


6-6 


96-5 


76-4 


244 


26-6 


117-7 


94-2 


208 


7-6 


95- 


76- 


243 


25-8 


117-2 


98-7 


202 


8-8 


94-4 


76-5 


242 


25- 


116-6 


98-8 


201 


91 


98-8 


75-1 


241 


241 


116-1 


92-8 


200 


10- 


98-8 


74-6 


240 


28-8 


115-5 


92-4 


199 


10-8 


92-7 


74-2 


289 


22-5 


115- 


92- 


198 


11-6 


92-2 


78-7 


288 


21-6 


114-4 


91-5 


197 


12-6 


91-6 


78-8 


287 


20-8 


118-8 


91-1 


196 


18-8 


91- 


72-8 


286 


20- 


118-8 


90-6 


195 


141 


90-5 


72-4 


285 


19-1 


112-7 


90-2 


194 


16' 


90- 


72- 


284 


18-8 


112-2 


89-7 


198 


16-8 


89-4 


71-6 


288 


17-4 


111-6 


89-8 


192 


16-6 


88-8 


711 


282 


16-6 


111-1 


88-8 


191 


17-6 


88-8 


70-6 


281 


15-8 


110-5 


88-4 


190 


18-8 


87-7 


70-2 


280 


15- 


110- 


88- 


189 


191 


87-2 


69-7 


229 


141 


109-4 


87-5 


188 


20- 


86-6 


69-8 


228 


18-8 


108-8 


87-1 


187 


20-8 


86-1 


68-8 


227 


12-5 


108-8 


86-6 


186 


21-6 


86*6 


68-4 


226 


11-6 


107-7 


86-2 


185 


22-6 


86- 


68- 


225 


10-8 


107-2 


85-7 


184 


28-8 


84-4 


67-6 


224 


10- 


106-6 


85-8 


188 


241 


88-8 


67-1 


228 


91 


106-1 


84-8 


182 


26- 


88-8 


66-6 


222 


8-8 


105-5 


84-4 


181 


25-8 


82-7 1 66-2 


221 


7-5 


105- 


84- 


180 


26-6 


82S 


: 66-7 
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FRhr. 

179 


DelMe. 


Cent. 


Beanm. 


¥abT. 


Delide. 


Cent. 


Bumm. 


27-5 


81-6 


65 3 


188 


61-6 


68-8 


47-1 


178 


28-3 


81-1 


64 8 


187 


62-5 


68-8 


46-6 


177 


29-1 


80-5 


64*4 


186 


68-8 


57-7 


46-2 


176 


80- 


80- 


64- 


135 


64-1 


57-2 


45-7 


175 


80-8 


79-4 


63-5 


134 


65- 


56-6 


45-3 


174 


816 


78-8 


631 


183 


65-8 


56-1 


44-9 


178 


82-5 


78-8 


62-6 


182 


66-6 


55*5 


44-4 


172 


88-8 


77-7 


62*2 


131 


67-5 


55- 


44- 


171 


84-1 


77-2 


61-7 


130 


68-8 


54-4 


43-5 


170 


85- 


76-6 


61 3 


129 


691 


53-8 


43-1 


169 


85-8 


761 


60-8 


128 


70- 


53-3 


42-6 


168 


86-6 


75-5 


60-4 


127 


70-8 


52-7 


42-2 


167 


87-5 


75- 


60- 


126 


71-6 


52-2 


41-7 


166 


88-8 


74-4 


59 5 


125 


72-5 


51-6 


41-8 


165 


891 


73-8 


59-1 


124 


73-8 


511 


40-8 


164 


40- 


78-8 


68-6 


123 


741 


50-5 


40-4 


163 


40-8 


72-7 


58-2 


122 


75- 


60- 


40- 


162 


41-6 


72-2 


57-7 


121 


76-8 


49*4 


89-6 


161 


42-5 


71-6 


57-3 


120 


76-6 


48-8 


891 


160 


48-8 


71-1 


56-8 


119 


77 5 


48-8 


38-6 


159 


441 


70-5 


56 4 


118 


78-8 


47-7 


38-2 


158 


45- 


70- 


56- 


117 


791 


47-2 


37-7 


157 


45-8 


69-4 


55-5 


116 


80- 


46-6 


37-8 


156 


46-6 


68-8 


551 


115 


80-8 


46-1 


36-8 


155 


47-5 


68-3 


54-6 


114 


81-6 


45-5 


36-4 


154 


48-8 


67-7 


54-2 


113 


82-5 


45- 


36- 


158 


49-1 


67-2 


53-7 


112 


83-8 


44-4 


35-5 


152 


50- 


66-6 


588 


111 


84- i 


43*8 


851 


151 


50-8 


66-1 


52-8 


110 


85 


43-3 


84-6 


150 


61-6 


65-5 


52-4 


109 


85-8 


42-7 


34-2 


149 


52-5 


65- 


52- 


108 


86-6 


42-2 


38-7 


148 


58-8 


64-4 


51 5 


107 


876 


41-6 


38-3 


147 


54-1 


68-8 


511 


106 


88-3 


411 


32-8 


146 


55- 


68-3 


50-6 


105 


89-1 


40*5 


32-4 


145 


55-8 


62-7 


50-2 


104 


90- 


40 


32- 


144 


56-6 


62-2 


49-7 


103 


90-8 


39*4 


31-5 


148 


57-5 


61-6 


49-3 


102 


91-6 


38-8 


31-1 


142 


58-8 


611 


48-8 


101 


92-5 


38-3 


30-6 


141 


59-1 


60-5 


48-4 


100 


93-8 


37-7 


30-2 


140 


60- 


60- 


48- 


99 


94-1 


37-2 


29-7 


189 


60-8 


59-4 


47-5 


98 


95- 


86-6 


29-8 
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Ealir. 

97 


DeLide. 


Cent. 


Beamn. 


Fahr. 

56 


DeLiiilA . 


Cent. 


Beanm. 


95-8 


36-1 


28-8 


130- 


13-3 


10-6 


96 


96-6 


35-5 


28-4 


55 


130-8 


12-7 


10-2 


95 


97-5 


35- 


28- 


54 


131-6 


12-2 


9-7 


94 


98-8 


34- 


27-5 


53 


132-5 


11-6 


9-3 


93 


99-1 


33-4 


27-1 


52 


133-3 


11-1 


8-8 


92 


100- 


33-8 


26-6 


51 


134-1 


10-5 


8-4 


91 


100-8 


32-7 


26-2 


50 


135- 


10- 


8- 


90 


101-6 


32-2 


25-7 


49 


135-8 


9-4 


7-5 


89 


102-5 


31-6 


25-3 


48 


186-6 


8-8 


7-1 


88 


103-3 


31-1 


24-8 


47 


187-5 


8-3 


6-6 


87 


104-1 


30-5 


24-4 


46 


138-3 


7-7 


6-2 


86 


105- 


30- 


24- 


45 


139-1 


7-2 


5-7 


85 


105-8 


29-4 


23-5 


44 


140- 


6-6 


5-3 


84 


106-6 


28-8 


23-1 


43 


140-8 


61 


4-8 


83 


107-5 


28-3 


22-6 


42 


141-6 


5-6 


4-4 


82 


108-3 


27-7 


22-2 


41 


142-5 


5- 


4- 


-81 


109-1 


27-2 


21-7 


40 


143-3 


4-4 


8-5 


80 


110- 


26-6 


21-3 


39 


144-1 


3-8 


3-1 


79 


110-8 


26-1 


20-8 


38 


145- 


8-3 


2-6 


78 


111-6 


25-6 


20-4 


37 


145-8 


2-7 


2-2 


77 


112-5 


25- 


20- 


36 


146-6 


2-2 


1-7 


76 


113-3 


24-4 


19-5 


35 


147-5 


1-6 


1-3 


75 


114-1 


23-8 


191 


34 


148-3 


1-1 


0-8 


74 


115- 


23-3 


18-6 


33 


149-1 


0-6 


0-4 


73 


115-8 


22-7 


18-2 


32 


150- 


JBero 


zero 


72 


116-6 


22-2 


17-7 


31 


150-8 


0-5 


0-4 


71 


117-5 


21-6 


17-3 


30 


151-6 


1-1 


0-8 


70 


118-3 


21-1 


16-8 


29 


152-5 


1-6 


1-3 


69 


119-1 


20-5 


16-4 


28 


153-3 


2-2 


1-7 


68 


120- 


20- 


16- 


27 


154-1 


2-7 


2-2 


67 


120-8 


19-4 


15-5 


26 


155- 


3-3 


2-6 


66 


121-6 


18-8 


15-1 


25 


155-8 


3-8 


31 


65 


122-5 


18-3 


14-6 


24 


166-6 


4-4 


8-4 


64 


123-3 


17-7 


14-2 


23 


157-5 


5- 


4- 


63 


124-1 


17-2 


13-7 


22 


153-3 


5-5 


4-4 


62 


125- 


16-6 


13-3 


21 


159-1 


6-1 


4-8 


61 


125-5 


16-1 


12-8 


20 


160- 


6-6 


5-3 


60 


126-6 


15-5 


12-4 


19 


160-8 


7-2 


. 5-7 


59 


127-5 


15- 


12- 


18 


161-6 


7-7 


6-2 


58 


128-3 


14-4 


11-5 


17 


162-5 


8-3 


6-6 


57 


129-1 


13-8 


11-1 


16 


168-3 


8-8 


71 
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Fahr. 

15 


De Lisle. 


Cent. 


Beaam. 


Fahr. 


De lisle. 


Cent 


Seaom. 


1641 


9-4 


7-5 


14 


188-8 


25-5 


20-4 


14 


165- 


10- 


8- 


15 


189-1 


26-1 


20-8 


18 


165-8 


10-5 


8-4 


16 


190- 


26-6 


21-3 


12 


166-6 


111 


8-8 


17 


190-8 


27-2 


21-7 


11 


167-5 


11-6 


9-8 


18 


191-6 


27-7 


22-2 


10 


168-8 


12-2 


9-7 


19 


192-5 


28-3 


22-6 


9 


169-1 


12-7 


10-2 


20 


198-8 


28-8 


28-1 


8 


170- 


18-3 


10-6 


21 


194-1 


29-4 


28-5 


7 


170-8 


18-8 


11-1 


22 


195- 


30- 


24- 


6 


171-6 


14-4 


11-5 


28 


195-8 


30-5 


24-4 


5 


172-5 


15- 


12- 


24 


196-6 


811 


24-8 ; 


4 


178-8 


15-5 


12-4 


25 


197-5 


81-6 


25-3 


8 


1741 


16-1 


12-8 


26 


198-8 


82-2 


25-7 


2 


175- 


16-6 


18-8 


27 


199-1 


82-7 


26-2 


1 


175-8 


17-2 


18-7 


28 


200- 


88-8 


26-6 


zero 


1766 


17-7 


14-2 


29 


200-8 


38-8 


27-1 


1 


177-5 


188 


14-6 


80 


201-6 


84-4 


27-5 


2 


178-8 


18-8 


15-1 


81 


202-5 


35- 


28- 


8 


179-1 


19-4 


15-5 


82 


208-8 


85-5 1 


28-4 


4 


180- 


20- 


16- 


88 


204-1 


86-1 


28-8 


5 


180-8 


20-5 


16-4 


84 


205- 


86-6 


29-5 


6 


181-6 


211 


16-8 


85 


205-8 


37-2 


29-7 


7 


182-5 


21-6 


17-8 


86 


206-6 


37-7 


30-2 


8 


188-8 


22-2 


17-7 


87 


207-5 


88-3 


30-6 


9 


184-1 


22-7 


18-2 


88 


208-8 


88-8 


81-1 


10 


185- 


288 


18-6 


89 


209-1 


89-4 


31-5 


11 


185-8 


28-8 


19-1 


40 


210- 


40- 


32- 


12 


186-6 


24-4 


19-5 


41 


210-9 


40-5 


82-4 ; 


18 


187-5 


25- 


20- 

1 


42 


211-6 


41-1 


82-9 



NoTB. — Temperatures below zet'o, for the several sotUes, are taken as 
negative. 

CommunicaJtion of Heat, 

Heat is communicated from one body to another in threo 
ways, 

1st. By direct contact, called Condttctton, 
2nd. By right lines, called Radiation, 
3rd. By carrying, called Convection. 
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Condiuitiont 

When two bodies of unequal temperature are placed in 
contact with each other, the hotter body communicates heat 
to the colder body until they become of equal temperature. 
The rapidity of this equalisation depends upon the nature of 
tlie bodies themselves, as all bodies do not conduct heat alike, 
and are accordingly called good or bad conductors. Wood, 
for instance, is so bad a conductor of heat, that if a piece of 
it be set on fire at one end it can be held until the flame has 
reached the hand without the heat having been previously 
conducted by the fibres of the wood itself. Glass is also a 
bad conductor of heat. Fluids also conduct heat very slowly, 
mercury excepted. Metals are good conductors, but vary in 
their power of doing so, as seen in the following tabular 
classification of their comparative powers of conduction. 



Gold . 




. 1000- 


Tin . 


. 303-9 


Platina 




. 381- 


Lead 


. 179-6 


Silver 




. 973- 


Marble . 


• 23-6 


Copper . 




. 898-2 


Porcelain 


• 12-2 


Iron 




. 374-3 


Fire-olav 


. 11-4 


Zinc 




. 363- 


Water ' . 


9- 



The conducting power of metals may be experienced by 
holding the point of a pin in the flame of a candle, when the 
heat is rapidly conducted to the head until it cannot be held 
by the uncovered fingers. 

Atmospheric air and gases have been generally regarded 
as bad conductors of heat ; but recent investigators consider 
that the atmosphere conducts heat as rapidly as it does sound, 
but that their effects are rendered almost invisible from the 
small quantity of ponderable matter in the air. 



Radiation. 

When a hot body, such as a fire or a mass of metal, is sur- 
rounded by other bodies not in immediate contact, but placed 
at some distance from it, the heat from the hot body radiates 
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from the centre in lines to the colder bodies, with a power in* 
versely as the square of the distance from the centre. The 
greatest effect is upwards ; the least effect is horizontally to 
the surface. The surface of tbe bodies receiving heat exer« 
cises a marked effect on the quantity absorbed in a given time. 
It was shown by Leslie that a tin vessel filled with hot water 
and covered over with lampblack possessed a radiating power 
= 100, but 

Covered with sealing wax 95 

„ f, writing paper 98 

„ tt resin 96 

„ it crown glass 91 

ff „ china ink .••••. 88 

,, „ red lead 80 

p, f, plumbago or black lead • . . 75 

H ), isinglass 15 

„ ,, tarnished lead . . . . .45 

„ ,f scratched tin 22 

„ „ bright lead. ..... 19 

p, „ mercury .20 

„ ,, polished iron • . • • . 15 

,, „ sheet tin 12 

Here lampblack and white paper have nearly the same 
power, whilst China ink and black lead have much less. A 
thermometer is more affected by an equal amount of heat 
when coated with chalk than when coated with Indian ink, 
and a thermometer made with coloured spirits rises more, for 
equal heat, than an uncoloured one. 

Painted bodies radiate much more than the same bodies 
not painted. Hammered metallic bodies radiate more slowly 
than when less dense : hammered silver has only a radiating 
power of 10 ; unhammered silver 13*7. When the surface 
of each is scratched the radiating power is inversely affected, 
for the radiating power of hammered is 18, and of the cast 
only 11*3. This leads to the inference that radiation depends 
upon a thin film at the surface regulnted by the density, for 
the increase of radiating power of rough burnished silver is 
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f of that of polished hammered, while the power of the cast 
rough in ^th less than that of polished cast silver. 

It has been considered that, at the same temperature, the 
radiating and absorbing power of bodies are equal. Much 
of the comparative economy of steam boilers depends upon 
their absorbing power ; for no matter how ably the furnace 
performs its duty, if the heat given off from the fuel cannot 
be taken up as rapidly as it is produced, then of course 
waste exists. The rapidity of production of heat in a 
locomotive furnace is not favourable for the entire absorption 
of that heat: hence the advantage of the numerous thin 
metal tubes to divide and absorb the heat generated in the 
furnace. It is not the least merit in this class of boilers, that 
as the velocity increases so does the area of conduction or 
direct contact of the heat, whilst the area of radiation decreases 
in the same ratio. For as the draught upon the fire increases 
so does the length of the flame ; consequently not only the 
fire box, but also a greater or lesser portion of the thin tubes 
in immediate contact with that flame, absorb heat by con^ 
duction, and the remainder of the tubular surface absorbs it 
by radiation from the passing gases. 

Convection, 

Convection or carrying is the power possessed by fluids of 
conveying heat acquired at one place to another place. 

In boilers the heat is thus transmitted amongst the water. 
In the furnace the air carries the un absorbed heat to the 
chimney. When the power of convection is much greater 
than the power of absorption, then the heat evolved during 
combustion is carried off without producing its proper effect. 
The greater therefore the absorbing power of any boiler, the 
greater will be its economy. In locomotive boilers at high 
velocities, this power of convection increases as the radiating 
surface decreases, and the loss of heat by convection is in 
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proportion to the velocity of the escaping gases and the 
shorter distance passed over by them. 

In solid bodies heat travels from atom to atom ; but in fluid 
bodies the heated parts fly ofif and colder ones take their 
place until the heat has been diffused. It is only by convec- 
tion that air transports heat, for if its circulation be stopped 
it nearly ceases to carry heat. Glass carries heat slowly, and 
it is estimated that a square foot of glass exposed on one side 
to the atmosphere will cool 1'279 cubic feet of air 1*" per 
minute, when it is in contact with the glass. 

Reflecting Poicer, 

The reflecting power of different bodies is generally esti- 
mated as being inversely as the radiating power, so that if 
brass reflects 100 parts of heat, silver would reflect 90, and 
wu'th these others as they stand below. 

Brass 100 

Silver 90 

Tinfoil 85 

Block tin 80 

Steel 70 

liBad ......... 60 

Tinfoil, softened by mercury 10 

Glass 10 

Glass, coated with wax '• 5 

Specific Iltat. 

The specific heat, or the comparative capacity of bodies to 
receive heat, varies widely. Thus, if 1 lb. of mercury at 32® 
be mixed with 1 lb. of water at 62**, the temperature w^ill be- 
come 61°, or if the mercury had been 62° and the water 32% 
the common temperature would have been 33°, showing that 
the capacity of mercury for heat is about ^V of that of water. 
Water is usually made the standard of comparison for pon- 
derous bodies, and air for gaseous bodies. The specific heat 
of a solid or a liquid is expressed by the ratio of the capacity 
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for beat of water, taken as 1, to that of the given body ; and 
that of gases is similarly expressed, compared with air. The 
capacity of bodies for heat may be tested by the quantity 
of ice they will melt : thus, equal weights of iron and lead, 
heated to 100'', would melt, 11 grains by the iron, and only 
3 grains by the lead, each falling to 95^. 

The following is a table of specific heats. Those given 
for gases are for equal weights at constant pressure : — 



TABLE No. IX. 
Specific Hbat of Diffebisnt Bodies. 



Iron . o . 


Regnanlt 


1 
Dulong. '■ 


Hydrogen . . . 


• 

3-4046 


•1137 


•110 


Copper . . . 


•0961 


•0949 


1 Water .... 


1- 


Zinc . . 


•0956 


•0927 


: Steam Tgascous) . 
„ (saturated) 


•476 


Nickel . . . 


•1086 


•1035 


•306 


Cobalt . . . 


•1069 


•1498 


Alcohol. . . . 


•600 to -700 


Platinum . . 


•0324 


•0314 


Ether .... 


•6600 


Gold . . . 


•0324 


•0298 


i Oil 


•620 


Sulphur . , 


"2026 


•1880 


Air 


•2377 


Carbon . . 


•2411 


•26 


! Nitrogen . . • 


•2440 


Phosphorus . 


•1887 


•386 


Oxygen . . . 


•2182 


Iodine . . . 


•06412 


•089 


Carbonic acid. . 


•2164 


Arsenic . . 


•0814 


•081 


,, oxide . 


•2479 


Lead . . > 


•0314 


•0293 


Charcoal . . . 


•2631 


Bismuth . > 


•0308 


•0288 


Oil of turpentine 


•4160 


Antimony . . 


•0607 


•0607 


Sulphuric acid . 


•333 


Indian Tin > 


•05623 


•0614 


Nitric acid . . 


•426 


Mercury . , 


•0333 


•0330 


Iron at 212° . . 


•110 


Steel . . . 


•118 




„ 392'' . . 


•116 


Brass . . . 


•094 




„ 372' . . 


•122 


Glass • . . 


•177 




„ 662' . . 


•126 


Salt. . . , 


•226 




„ carbonate of 


•1819 


Marble . . . 


•206 




Zinc „ 


•0956 



The difference in the quantity of specific heat by different 
experimenters arises from the delicate nature of the experi- 
ments and the manner of performing them, in which the 
minutest error becomes magnified when generalized. 

The capacity for heat increases with the temperature, as 
seen in iron, and in cooling a greater amount of heat is given 
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oat in cooling down an equal number of degrees at a high 
than at a low temperature. 

To raise 1 lb. of water from 32** to 212° or 180** requires 
as much heat as would raise 4*27 lbs. of air through the same 
range ; and the specific heats of air and water are as *2377 
is to 1. 

Specific Heat hy Volume. 

Specific heat is, unless otherwise stated, reckoned by equal 
weights of the compared bodies, but it may also be reckoned 
by equal volumes. Thus the specific heat of gaseous steam 
is '475, but its specific heat by volume at constant pressure 
is only -^ of that of an equal volume of water. 

The Mechanical Theory of HeaJt. 

An important and interesting inquiry relative to steam and 
its operation in the steam-engine is tliat which traces the 
connection between the quantity ot heat expended and the 
dynamical effect, or work produced. The inquiries of 
scientific men into the subject of the relation of heat to 
mechanical effect, have resulted in the establishment of the 
principle that heat and mechanical force are identical and 
convertible, and that the action of a given quantity of heat 
may be represented by a constant quantity of mechanical 
work performed. For the exact expression of this relation, 
of course, units of measure are established, — in terms of the 
English foot as the measure of space ; the pound avoirdupois 
as the measure of weight, pressure, elasticity ; and the degree 
of Fahrenheifs scale as the measure of temperature and 
heat. The English unit of heat is that which is required to 
raise the temperature of 1 lb. of water 1 degree Fahr., and 
whether 2 lbs. of water be raised 1 degree, or 1 lb. of water 
be raised 2 degrees in temperature, the expenditure of heat 
is the same in amount, namely, 2 units of heat. The English 
unit of work, which consists of the sustained exertion of 
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pressure through space, is one foot-pound ; that is, a pressure 
of 1 lb. exerted through a space of one foot. The unit of 
heat, then, is capable of raising 772 lbs. weight one foot high, 
and its mechanical equivalent is expressible by 772 foot- 
pounds. This quantity is known as "Joule's equivalent," 
named after the investigator. 

The following are the values of Joule's equivalent for 
different thermometric scales, and in English and French 
units : — 

1 English thermal unit, or one degree Fahren- 
heit in one pound of water. . . . 772 foot-ponnds. 

1 French thermal nnit, or one degree Centigrade, 

in one kilogramme of water . . . 423*55 kilogramm^tres. 

1 degree Centigrade in one pound of water . 1389*60 foot-pounds. 

1 French thermal unit is equal to 3*97 English thermal units ; say, 
4 English units. 

According to the mechanical theory of heat, all gases and 
vapours are assumed to consist of numerous small atoms, 
moving or vibrating in all directions with great rapidity, 
pressure being, as explained by Mr. Joule, the impact of 
those numerous small atoms striking in all directions, and 
against the sides of the vessel containing the gas. The 
greater the number of these atoms, or the greater their 
aggregate weight, in a given space, and the higher the 
velocity of impact, the greater is the pressure ; and an in- 
crease or decrease of temperature is simply an increase or 
decrease of molecular motion. When the piston in the 
cylinder yields to the pressure of steam, the atoms will not 
rebound from it with the same velocity with which they 
strike, but will return after each succeeding blow, with a 
velocity continually decreasing as the piston continues to 
recede ; and correspondingly the temperature is diminished. 

In expanding a given volume of air spontaneously to 
double the volume, delivering it, say, into a vacuous space, 
it has been proved that the temperature of the air is not 
reduced, no external work being performed ; but that, on the 
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contrary, if the air at a temperature say of 230° Fahrenheit 
be expanded against an opposing pressure or resistance, — 
the piston of a cylinder, for example, — ^giving motion to it 
and raising a weight, or otherwise doing work, then the 
temperature will fall nearly 170® when the volume is doubled, 
that is, from 230° to about 60'' ; and supposing that the initial 
pressure be 40 lbs., the final pressure after the volume is 
doubled would be 15 lbs. per square inch. 

If a body of compressed air be allowed to rush freely into 
the atmosphere, the temperature falls in the rapid part of the 
current by the conversion of heat into motion, but the heat 
is almost all reproduced when the motion has quite subsided. 
From recent experiments it appears that nearly similar 
results are obtained from the emission of steam under 
pressure. 

If a body of water descends freely through a height of 772 
feet, it acquires from gravity a velocity of 223 feet per second, 
and if suddenly brought to rest when moving with this velocity, 
it would be violently agitated, and would be raised one degree 
of temperature. But suppose a water-wheel 772 feet in 
diameter, into the buckets of which the water is quietly 
dropped ; when the water descends to the foot of the fall, 
and is delivered gently into the tail-race, it is not sensibly 
heated. 

From the preceding statements and illustrations of the 
nature and reciprocal action of heat and motive powers, it is 
apparent that the nature and extent of the change of tem- 
perature of a gas while expanding, depends nearly altogether 
upon the circumstances under which the change of volume 
takes place. 

Combustion, or the Production of Heat, 

Coal thrown on a fire evolves, amongst others, the two 
principal combustibles, carbon and hydrogen, which uniting 
with the oxygen of the air — an incombustible yet a necessary 
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supporter of a fire — ^produces heat and light at the same time. 
Simple as this process may appear, its analysis is yet a com- 
plicated chemical problem. The chief agents operating in the 
furnace are carbon, hydrogen, and oxygen, and their union 
in certain proportions produces other bodies, as water or 
steam, carbonic oxide, carbonic acid, besides others of less 
practical importance. 

Combustibles and Incombustibles. 

A combustible body is one which actually burns, such as 
carbon. An incombustible body is one that does not itself 
burn. A supporter of combustion is one that does not burn, 
but gives strength and support to one that does burn, such 
as oxygen, which supports carbon in producing heat. A 
common fire exhibits the union of the carbon of the fuel and 
the oxygen of the air. A gas-light exhibits the union of 
carbon, hydrogen, and oxygen to produce both heat and 
light. In neither process is the oxygen burnt, but only the 
combustibles, carbon and hydrogen. In all ordinary cir- 
cumstances, oxygen is an indispensable element of combustion, 
and its proper supply is a question of the first importance for 
economy of fuel. For instance, if only 8 parts of oxygen are 
admitted for each 6 parts of carbon evolved from the fuel, the 
combustion is very imperfect, and much of the heat of the 
fuel passes off in combustible gases, of which carbonic oxide 
is the chief. If, however, 16 parts of oxygen are admitted 
to combine with 6 parts of carbon, the combustion, if chemi- 
cally completed, is 70 per cent, better than the last, pro- 
ducing steam and carbonic acid as the products of perfect 
combustion. 

The following are the usually received definitions of che« 
mical combination, mechanical mixture and the elements of 
combustion : — 
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Chemical Combinations. 

When two bodies unite to form a third body distinct from 
either of the combining bodies, this is called chemical union, 
lis when carbon and oxygen unite to form heat, carbonic 
oxide or carbonic acid, or with hydrogen to form water. 

Mechanical Mixtures, 

A mechanical mixture is one where the bodies have been 
brought together, but each retains its original qualities, such 
as sand and water, or the oxygen and nitrogen of the air, or 
heat and water in steam, all of which can be readily separated 
and restored to their original state again. 

Atmospheric Air, 

This important body which surrounds us, and supplies the 
oxygen, or N/e of our breath, besides its other invaluable 
features, is a mechanical mixture of rather more than one- 
fifth part of oxygen and rather less than four-fifth parts of 
nitrogen, sometimes called azote. The latter dilutes the 
former, and renders it adapted to the constitution of man 
and the animal creation ; and but for this dilution of the 
oxygen by the nitrogen, constituted as we are, life would be 
an accelerated but short course, similar to the brilliance ex- 
hibited by a wax taper when plunged into a jar of oxygen 
on the lecture table. Oxygen is therefore the principal 
supporter of both life and combustion ; but the peculiar uses 
of nitrogen are only clearly understood as indispensable to 
vegetation. An ordinary iron furnace is estimated to require 
310 tons of air in 24 hours, or as much as 20,000 men. 
That it is the oxygen which is consumed in supporting 
ordinary combustion may be shown by covering an ordinary 
candle with a bell glass whose lower edge rests in water, to 
pievent a further supply of air inside the glass. As the en- 
closed oxygen is consumed the flame grows less and less 
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nntil it is extinguished, and the contents are found to be 
nitrogen apparently unaltered, hydrogen, and carbonic acid. 
One cubic foot at 32'' weighs 1*29 ounce. 

Oxygen, 

This gas was discovered by Dr Priestley in 1774, and is 
considered to be one of the most abundant bodies in nature. 
It is a permanent colourless transparent gas without smell, 
and 1'106 times heavier than air, and one cubic foot at 32^ 
weighs 1*428 ounces. It combines with many other bodies 
in a variety of ways, forming very distinctive compounds* 
For ordinary combustion and breathing it is supplied from 
the atmosphere ; but for the lecture-room it can be readily 
obtained in several ways, one of which is by heating the 
chlorate of potash, and collecting the gas given off in a 
bladder or jar. If a taper with a single spark of fire left on 
its wick be placed in any jar of oxygen, it immediately burns 
forth with splendour, and red-hot iron when introduced is 
melted down in a shower of dazzling scintillations, forming 
oxide of iron. 

Ordinary rust is also oxide of iron formed from the slow 
combustion of iron at atmospheric temperature, whilst the 
intense temperature of a mixture of carbon and pure oxygen 
in a state of combustion, as exemplified in the smith's forge, is 
only another degree of the same process. Phosphorus in* 
troduced amongst oxygen produces a volume of painfully 
brilliant light, and forms phosphoric acid. 

The oxy-hydrogen light is produced by bringing equiva- 
lent quantities of oxygen and hydrogen gases into a burner 
and igniting them, when they evolve vivid combustion and 
intense heat, melting all common metals with great ease. 
Lime, however, resists its fusive power, and evolves a most 
brilliant light. A still more luminous light is produced by 
the action of electricity on two pieces of charcoal. 
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Nitrogen. 

This body neither sapports life nor combustion. It is 
lighter than air, and has no taste or smell. Its specific gravity 
is '9736 ; one cubic foot at 32^ weighs *9736 ounce. Al- 
though nitrogen has some properties in common with 
carbonic acid, one of the products of perfect combustion, it 
has also dissimilar ones, besides being an elementary body, 
while carbonic acid is a compound of oxygen and 
carbon. 

Carbon. 

This is a finely divided pulverulent mineral body in its 
ordinary state, forming the basis of most fuels, and found in 
many different forms; as it is obtained by various processes 
— from oil lamps, as lampblack ; from coal, as coke ; and 
from wood, as charcoal. It is the mineral particles of carbon 
in a state of combustion, which render flame luminous 
from either gas, oil, or candles. Tallow or wax candles are 
a compound of carbon, oxygen, and hydrogen. The diamond 
is pure carbon in a crystalline state, possessing the singular 
property of reflecting all the light which falls upon it at an 
angle of about 24°, whilst artificial gems only reflect half 
that light. 

Carbon unites with iron to form steel, and with hydrogen 
to form the common street gas, called carburetted hydrogen 
gas. Analysts tell us that the diamond and its converse, 
lampblack, are both pure carbon ; and charcoal and coke are 
other well-known forms of carbon, obtained by burning them 
with a partial supply of air or oxygen. Goals are a com- 
pound of carbon, hydrogen, nitrogen, and oxygen. Carbon 
is considered as the next most abundant body in nature to 
oxygen. In the furnace the carbon of the fuel unites with 
the oxygen of the air to produce heat. If the supply of air 
is correctly regulated, there will be perfect combustion 
producing carbonic acid ; but if the supply of air be de- 
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iicient, combustion will be imperfect, and carbonic oxide 
produced. 

Carbonic Acid Gas. 

When air passes through a iire, carbonic acid gas is formed 
by the combustion of 16 parts of oxygen and 6 parts of 
carbon. Its specific gravity is 1*529. It is fatal to life, and 
it also extinguishes fire, as was shown by Mr. Gurney, who 
forced it into the burning Sauchie coal-mine, and put out a 
fire of about 26 acres area and 30 years' duration. 

Carbonic Oxide, 

This is a colourless, transparent, combustible gas, which 
burns with a pale blue flame, as may be seen at times on 
opening a locomotive fire-box door. Its presence in a 
furnace is evidence of imperfect combustion, from a deficient 
supply of air, as it indicates that only 8 parts of oxygen 
instead of 16 parts have united with 6 parts of carbon. As 
much more is required to produce complete combustion in 
the formation of carbonic acid. 

Hydrogen, 

Hydrogen is the source of all common flame, although it 
extinguishes a light plunged into it, but in doing so takes fire 
itself and burns at the edge of the vessel. 

It is the lightest known body in nature, being 16 times 
lighter than oxygen, and is a permanent yet combustible gas, 
giving out much heat. It was discovered by Cavendish in 
1766, and being 14^ times lighter than air, it is employed in 
balloons. In our gas establishments it is now distilled from 
coal in large quantities, and combined with carbon for 
illuminating streets, shops, and dwelling-houses. It is not 
itself noxious to life, but does not support it, and when 
combined with sulphur, it becomes explosive, and too fre- 
yaently produces the most lamentable results in our coal 
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mines. By passing a current of steam through a hot iron 
tube partly filled with filings, hydrogen gas is given off, and 
burns with a pale yellow flame. 

Heat of Comhmtton. 

The combustible elements concerned in the production of 
steam are hydrogen, carbon in its several primitive forms, 
and sulphur. The following are the results arrived at by 
Messrs. Favre and Silbermann, in their observations on the 
heat of combustion of these combustibles, and of a few others 
of a compound nature. The heat of combustion is given for 
one pound weight of the combustible, and is expressed in 
units of heat, the unit being that which is required to raise 
the temperature of one pound of water one degree Fahren- 
heit. 

The equivalent quantities of water which would be 
evaporated from and at 212^ Fahr. by the respective quanti- 
ties of heat are added, for comparison, in a form more 
familiar to the engineer. These quantities of water are 
formed by dividing the units of heat by 965, which is the 
number of units of heat absorbed by water supplied at 212^ 
Fahr., and evaporated at the same temperature. 

» Water erapo- 

One pound buiTied. Units of heat, rated firom and 

at 212°. 

Hj-diogen 62,032 or 64*28 lbs. 

Carbon ^mean of several experiments) . 14,250 „ 14*77 >» 

Sulphur 4,032 „ 4-18 „ 

Carbonic oxide 4,325 „ 4*48 „ 

Alcohol 12,929 „ 13*40 „ 

defiant gas 21,343 „ 22*11 „ 

Turpentine 19,534 „ 20 24 „ 

The last four substances are compounds, and the last three 
consist wholly or chiefly of carbon and hydrogen. The total 
heating power of coal of average composition, according to 
Mr. D. K. Clark, amounts to 14,320 units, or 12-83 lbs. of 
water evaporated from 212° Fahr 
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Hydrogen, it is seen, stands pre-eminently at the head of 
the list for heating power, represented by the evaporation of 
64^ lbs. of water at 212^ Fahr., by one pound of the gas, 
whilst carbon, the next in order, and the staple combustible 
element of fuels, has only a heating power represented by 
14f lbs. of water. The more hydrogenous the fuel, there- 
fore, the greater, in general, is its heating power. The 
element of hydrogen is, nevertheless, to a greater or less 
degree, neutralised by the other element, oxygen, when it is 
present as a constituent of the fuel ; since the affinity of 
hydrogen for oxygen is superior to that of* carbon, and the 
oxygen, saturated with hydrogen, is converted iuto aqueous 
vapour, and rises in this form from the fuel-bed, without 
having passed through the heat-giving process of chemical 
combination in the gaseous form. Thus it is that the more 
oxygenated the fuel, the less is its power of developing heat 
by combustion. 

Process of Oomhustion in a Furnace, 

For raising steam the process of combustion consists in 
evolving and completely consuming the combustible ele- 
ments of either coal, coke, or other fuel employed to produce 
heat, which may be divided into four different stages of the 
process : 

First stage. — Application of existing heat to evolve the 
constituent gases of the fuel. In coals this is princi- 
pally carburetted hydrogen. 
Second part. — Application or employment of existing 

heat to separate the carbon from the hydrogen. 
Third part. — Further employment of existing heat to 
increase the temperature of the two evolved com- 
bustibles, carbon and hydrogen, until they reach the 
heat necessary for combination with the oxygen of 
the air. If this heat is not obtained, chemical union 
does not take place, and combustion is imperfect. 
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Fourth and last part. — The nnion of the oxygen of the 
air with the carbon and hydrogen of the farnace, in 
their proper equivalents, when intense heat is gene- 
rated by the exchange of the electrical heat in each, 
and light is also given off from the ignited carbon. 
Sir H. Davy estimated this heat as greater than the 
white heat of metals. 
In the first three stages of combustion heat is absorbed- 
by the fuel, and only in the last stage of the process is that 
absorption replaced with greatly increased effects. 

When the chemical atoms of heat are not nnited in their 
proper equivalents, then carbonic oxide, carbnretted hydro- 
gen, and other combustible gases escape invisibly, with a 
corresponding loss of heat from the fuel. When the proper 
nnion takes place, then only steam, carbonic acid, and nitro- 
gen escape, which, being the products of perfect combustion, 
are all incombustible, and also incapable of supporting com- 
bustion. 

The principal products, therefore, of perfect combustion 
are — 

Steam, invisible and incombustible. 

Carbonic acid, invisible and incombustible. 
The products of imperfect combustion are — 
Carbonic oxide, invisible but combustible. 
Smoke, partly invisible and partly incombustible. 

Steam is formed from the hydrogen gas given out by the 
coals combining with its equivalent of oxygen from the air, 
in the ratio of 2 volumes of hydrogen to 1 of oxygen, or by 
weight as 1 to 8, as already explained. 

Carbonic acid is formed from the carbon of the coals com- 
bining with its equivalent of oxygen from the air, in the 
proportion of 2 volumes of oxygen to 1 volume of carbon, or 
by weight as 16 to 6. 

Carbonic oxide is formed from the carbonic acid first pro- 
duced, receiving another volume of carbon in passing through 
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the fire, which last volume of carbon is unconsamed, and 
forms the combustible carbonic oxide, whilst carbonic acid, 
having had its carbon consumed, is incombustible. 

Smoke is formed from the hydrogen and carbon which 
have not received their respective equivalents of oxygen 
from the air, and thus pass off unconsumed. The colour of 
the smoke depends upon the carbon passing off in its dark 
pulverised state, but the quantity of heat carried away is not 
dependent upon the carbon alone, but also upon the invisible 
but combustible gases (hydrogen and carbonic oxide), so 
that whilst the colour may indicate the amount of carbon 
in the smoke, it does not indicate the amount of heat lost : 
hence the smokeless locomotive, in burning coke, may lose 
more heat in this way than is lost from the imperfect com- 
bustion of coals in stationary-engine furnaces. 

Besides the demands of the carbon for the oxygen ad- 
mitted to the furnace, the hydrogen evolved also requires 
its equivalent. But where there is no provision for the 
proper supply of oxygen to such gases, it is evident that a 
portion of the combustible gases evolved must pass off un- 
consumed. 

A practical and familiar instance of imperfect combustion 
is exhibited when a lamp smokes, and the unconsumed 
carbon is deposited in ** blacks" all round it. When the 
evolution of carbon is lessened by lowering the wick to meet 
the supply of oxygen, the carbon is all consumed and the 
smoke ceases. What takes place with a lamp also occurs in 
a furnace, so that the proper supply of air is a primary con- 
sideration, both as regards its quantity and its mode of 
admission to a fire, for both affect the economical results. 

The economical generation of heat is therefore a process 
entirely distinct from the use made of that heat afterwards, 
just as the generation of eteam is an entirely different ques- 
tion from its employment in an engine. 

Combustion may be perfect, but absorption of heat by a 
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boiler may be inferior, and consequently evaporation of water 
bear a low ratio to the fuel consumed. To arrange the con- 
itruction of a boiler with rapidly absorbing materials is the 
principle aimed at by our best boiler-makers, to obtain in- 
creased evaporative power. 

Summari/ of the Chemistry of Combustion. 

Begin with coal as the staple fuel, adopting Mr. D. K. 
Clark's estimate of the average composition of English coal, 
namely — 

Carbon about 80 per cent. 

Hydrogen „ 6 „ 

Sulphur « IJ »» 

Oxygen „ 8 „ 

Nitrogen », U ,» 

Ash . • . . • . „ 4 „ 

About 100 

Now one pound of hydrogen unites with and requires 
8 lbs. of oxygen for its combustion ; measuring by volume, 
one cubic foot of hydrogen requires just half a cubic foot 
of oxygen for combustion, the product being steam, aqueous 
vapour, or water. Oxygen is sixteen times as weighty as 
hydrogen, and so hydrogen combines with eight times its 
weight and but half its volume of oxygen. In round 
numbers, lib. of hydrogen is 200 cubic feet in bulk, at 
62*^ Fahr., and the combining volume of oxygen is 100 cubic 
feet. 

Turning to carbon, which is the basis of all fuels, 1 lb. of 
carbon unites with 2| lbs., or 32 cubic feet, of oxygen, for 
its complete combustion, forming carbonic acid. 

Atmospheric air is, as before stated, composed of oxygen 
and nitrogen, in the proportion of 1 lb. of oxygen to 3^ lbs. 
of nitrogen ; or, by volume, 1 cubic foot of oxygen to 4 
cubic feet of nitrogen. Nitrogen, being a neutral gas in 
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combustion, is present as a diluent simply ; and for every 
cubic foot of oxygen required in combustion^ 5 cubic feet of 
air must be supplied. 

It follows that, for the combustion of 1 lb. of hydrogen, 
500 cubic feet of air are required, and for the complete com- 
bustion of 1 lb. of carbon, 160 cubic feet of air are required. 

To make the estimate complete, it may be added, that a 
pound of sulphur requires 60 cubic feet of air, and the 
total quantity of air chemically consumed in the com- 
bustion of 100 lbs. of coal of average composition, is there- 
ore as follows : — 

80 lbs. of carbon X 160 = 12,800 cubic feet. 
6 „ hydrogen X 500 = 2,500 „ 
IJ „ snlphnr x 60 = 76 „ 

Total air per 100 lbs. 15,375 cubic feet. 
Or in round numbers, 16,000 cubic feet. 

As, further, the fixed carbon, or the coke which remaine 
after the volatile portions of the fuel are driven off, averages 
60 per cent, or 60 lbs. per 100 lbs. of coal, the proportional 
quantities of air chemically required for the volatile and 
fixed portions respectively may be simply ascertained. 
Sixty pounds of carbon require 160x60 = 9,600 cubic 
feet of air — say 10,000 cubic feet, and the proportions are 
therefore as follows : — 

Volatile elements 6,000 cubic feet. 

Fixed element, or coke .... 10,000 „ 

Total air per 100 lbs. . . . 16,000 cubic feet. 

Or 160 cubic feet of air per pound of coal. Of this supply, 
three -eighths are consumed by the volatile elements and 
five-eighths by the fixed element. It is easily conceivable, 
therefore, in view of so large a demand in behalf of the 
volatile or smoke-making elements, that the complete com- 
bustion of these elements is a matter involving some care 
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to effect the ultimate mixture of the gases and air, which is 
necessary to effect the complete combustion of the gases. 

In order to prevent the formation and discharge of smoke, 
it is necessary to admit a greater quantity of air to the 
furnace than is chemically consumed, so that each particle of 
gaseous combustible matter may be supplied with its due 
equivalent of oxygen. The proportion of such surplus air 
may, in ordinary furnaces, amount to as much as the air 
chemically consumed, and thus upwards of 30,000 cubic feet 
of air may be needed for the combustion of 100 lbs. of coal, 
or 300 cubic feet for one pound. 

Temperature of Combustion, 

The temperature of the products of combustion at the 
instant of their formation varies, of course, with the quantity 
of air in dilution. Professor Kankine estimates the tem- 
perature to be as follows : — 

Caibon. 01^* 

Fuel, undiluted with air 4,580" 6,060* 

If diluted with an excess of half the air consumed . 3,216 3,616 
If dilated with an excess equal to all the air consumed 2,440 2,710 



CHAPTER VI. 

FUEL— COAL. 

There are very great individaal differences in the chemi- 
cal composition and properties of coahy and their varieties are 
very numerous. The proportion of fixed carbon in coal ranges 
from 30 to 93 per cent. ; of hydro-carbons from 5 to 58 per 
cent. ; of water, or oxygen and hydrogen in the proportions 
to form water, from a mere trace to 27 per cent. ; and of ash 
from 1^ to 26 per cent. The varieties of coal may be 
arranged in five classes : — 1 . Anthracite, or blind coal, con- 
sisting almost entirely of free carbon ; 2. Dry bituminous 
coal, having from 70 to 80 per cent, of carbon ; 3. Bitumi- 
nous coking coal, with from 50 to 60 per cent, of carbon ; 
4. Long flaming or cannel coal, differing from the last in 
containing more oxygen, and in some varieties it does not 
cake ; 5. Lignite, or brown coal, containing 27 to 50 per 
cent, of carbon. 

The preceding remarks on heat and combustion will be 
rendered practically available in selecting coals for particular 
purposes, by the following tabular arrangement of 37 varieties 
of Welsh, 19 of Newcastle, 28 of Lancashire, 8 of Scotch, 1 
of Irish, 8 of Derbyshire, 9 of Van Diemen's Land, 2 of 
Patagonian, 3 of Bornean, 6 of Chilian, 5 from different 
localities, and 42 of American coals, with 6 of patent fuels. 
With the exception of the American varieties, the 132 to the 
varieties are abstracted from the able reports of Sir H. de la 
Beche, F.R.S., and Dr. Lyon Playfair, F.K.S., " On Coals 
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suited to Steam Navy," begun in 1846, and the last report 
issued in April, 1851. The American government had 
instituted a similar inquiry into coals, and a copy of their 
report coming into the hands of Mr. Hume, M.P., that able 
public man lost no time in forwarding it to the Lords of the 
Admiralty (10th June, 1845), suggesting that a similar 
course should be pursued to ascertain " the best coals for the 
naval steamers of this country." This was promptly under- 
taken by the Admiralty, who on the 22th June issued 
instructions to ascertain how the " inquiry could be con- 
ducted with the greatest effect." 

The properties sought to be determined by these experi- 
ments were, briefly, 1st. Evaporative value ; 2nd. Mechani- 
cal structure ; 3rd. Combustible character ; and 4th. Chemi- 
cal composition. 

Evaporative Power. 

To Smeaton we believe is due the merit of the first syste- 
matic attempt to define the comparative effect of different 
coals. In 1769 he constructed an experimental engine, 
having a cylinder nearly 10 inches diameter and 3 feet 
stroke. The boiler consumed 55 lbs. of coals per hour, and 
evaporated 6'141bs. of water under a pressure of 7*8 lbs. per 
square inch for each pound of coals. 

Taking the Halston coals from Yorkshire as evolving an 
evaporative power of 100, he found the useful ratio of the 
others used by him as under : — 



Halston 


. 100 


Welsh 


. 110 


Berwick Moor . 


. 86 


Newcastle . 


. 120 


Middleton . 


. 110 


Gannel 


. 130 



Coke f of that of the coal from which it was made. 
The quantity of coke produced from coals he found to be 
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about 66 per cent., or nearly the same as at present. 
Although recent investigations have placed the Welsh coals 
at the top of the practical evaporative test, yet those early 
experiments bear ample evidence of the care with which 
they had been made. Under his best boilers, Smeaton found 
7*88 lbs. of water evaporated by 1 lb. of coals, from 212^, as 
the evaporative value of Newcastle coals. Watt's improved 
boiler gave 8*62 lbs., and this was long considered the stan- 
dard till the Oornish engineers gradually increased it to 
10-74 lbs. in 1840, and in 1846 to 12-89 lbs. of water evapo- 
rated by 1 lb. of coals. 

Mr. Wicksted gave the following comparative ratios of 
practical or realised evaporation : — 



Name of Fuel. 


Water erapo- 

rated from 62^ 

byllb.offaeL 


Welsh, best 

Anthracite 

Newcastle, best small 

„ average 
Welsh, average .... 

Gas coke 

Half coke and half Newcastle small 
Half Welsh and half Newcastle 
Half Newcastle and half Derbyshire 
Newcastle, average of large . 

Derbyshire 

Blythe Main, Northumberland 




lbs. 
9-493 
9-014 
8-624 
8-074 
8-045 
7-908 
7-897 
7-865 
7-710 
7-658 
6-772 
6-600 



The value given here for anthracite is, how^ever, much 
less than that found by Messrs. Josiah Parkes and Charles 
Manby, in 1840, from a series of experiments made on 
anthracite as a steam fuel. With a boiler having 340 square 
feet of heating surface, the result gave 13*48 lbs. of water as 
the evaporative value of 1 lb. of the fuel, compared with 
11*89 lbs., the then highest recorded duty of a Cornish 
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boiler, having 961 square feet of heating surface, or 13 per 
cent, in favour of the anthracite with a small boiler. What 
the difference would have been in boilers of equal heating 
areas they had not the means to decide, but they considered 
18 per cent, as the minimum difference of value between 
anthracite and the best Welsh coals. 

The subject was one of growing importance, and, under 
the sanction of the Government, it was ably investigated in 
the following manner. 

The evaporative value was arrived at by taking the mean 
of three separate days* trials witheach fuel in a small Cornish 
boiler 12 ft. long, 4 ft. diameter, with inside flue of 2 ft. 6 in. 
diameter and flat ends. The fire was placed in one end of 
this flue, and the current of heated gases returned by ''split" 
flues round each side of the boiler to the front, where they 
united and passed under the boiler to the chimney. During 
two of the trials the pressure on the safety valves was 1 lb. 
per square inch, and it was usually 3 lbs. during the third 
trial. 

As the comparative weight to bulk of water varies with its 
temperature, the necessary allowances were made in reducing 
the results of the trials. 

The heating effect of the wood used to light the fires 
was first experimentally determined, and its effect for each 
trial by the following Table, based on Eegnault's experiments, 
was deducted from the total evaporation of both wood and 
coals. 
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TABLE No. X. 
Specific and Diffused Heat of Water and Steam from 32'' to 446' Fabb. 



Air 
Ther. 
Cent. 

o 




Mercu- 
rial. 
Cent. 


Number of 
Unities of 
Heat aban- 
doned by 
one kilo, of 
water in de- 
scending 
from T to 0". 


Air 
Ther. 
Fah. 


Mercu- 
rial 
Fah. 


Number of 
Unities of 
Heat con- 
tained in 

one pound 

of water 

atT«>. 


Mean spe- 

eifio Heat 

of Water 

between 

O^andT 

cent, or 

between 82* 

and T. Fah. 


Specific 

Heat 

ofWaler 

ft^mTto 

T-H«T^ 


Latent Heat of 
Steam saturated 
to the temper- 
ature T. 


Cent 1 Fah. 


o 

• • 


0-000 


o 

32 


• 


32000 


• • 


10000 


606-51091-7 


10 


• • 


100 


50 


f • 


50-003 


1-0002 


10005 


599-61079-1 


20 


• • 


20-010 


68 


• • 


68-018 


1-0005 


1-0012 


592*6 1066-7 


30 


• • 


39-026 


86 


t • 


86-046 


1*0009 


10020 


585-7 1054-2 


40 


. • 


40051 


104 


• • 


104-091 


1-0013 


1-0030 


578-71041-6 


50 


50-2 


50087 


122 


122-36 


122156 


1-0017 


1-0042 


571-6 1028-9 


60 


• • 


60-137 


140 


* • 


140-246 


1-0023 


1-0056 


564-7 


1016-4 


70 


• • 


70-210 


158 


• • 


158-381 


1-0030 


1-0072 


557-6 


1003-7 


80 


• • 


80-282 


176 


• • 


176-507 


1-0035 


1*0089 


650*6 


991-1 


90 


• • 


90-381 


194 


• • 


194-685 


1-0042 


10109 


543-5 


978-3 


100 


1000 


100-500 


212 


212-0 


212-900 


1-0050 


10130 


536-5 


965-7 


110 


• • 


110-641 


230 


• • 


231-163 


1-0058 


1-0153 


529-4 


952-9 


120 


• • 


120-806 


248 


• • 


249-450 


1*0067 


10177 


522-3 


940-1 


130 


• • 


130-997 


266 


• • 


267-794 


1-0076 


1-0204 


515-1 


927-2 


140 


• • 


141-215 


284 


• • 


286-187 


1-0087 


1*0232 


608-0 


914-4 


150 


150-0 


151*462 


302 


302-0 


304*623 


1-0097 


1*0262 


600*7 


901*2 


160 


• • 


161-741 


320 


• • 


323133 


1-0109 


1*0294 


493-6 


888-5 


170 


• • 


172-052 


338 


• » 


341*693 


1-0121 


10328 


486-2 


875-1 


180 


• • 


182-398 


356 


• • 


360-316 


1-0133 


1-0364 


479-0 


862-2 


190 


• • 


192-779 


374 


• • 


379-002 


1-0146 


1-0401 


471-6 


848-9 


200 


200-0 


203-200 


392 


392-0 


397-760 


10160 


1-0440 


464-3 


835-7 


210 


a • 


213-660 


410 


 « 


416-588 


1-0174 


1*0481 


456-8 


822-2 


220 


• • 


224-162 


428 


• • 


435-480 


1*0189 


1-0524 


449-4 


808-9 


230 


• • 


234-708 


446 


• • 


454*474 

• 


1-0204 


1-0568 


441*9 


795-4 



Corrections for variations of temperatare of the feed-water 
were made. 

Comparative Evaporative Performance of different Boilers, 

To determine how far the experimental boiler gave results 
as compared with the best Cornish boilers, Mr. Phillips went 
to the Par Consols mine, and had 119,700 lbs. of water 
evaporated from 92^ by ll,7d01bs. of coal; equal to 
10,0041b8. of water by 1 lb. of coals, or 11,428 lbs. from 212^ 

The Mynydd Newydd experimental coals had the nearest 
chemical composition to those used in the above trial, and 
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only evaporated 9*52 lbs. of water per lb. of coals from the 
experimental boiler, being very nearly 20 per cent, less than 
in the larger boilers. The ratios therefore of realised 
evaporation in the tables maltiplied by 1*1995 will give the 
value for boilers of the same evaporating power as those at 
the Par Consols mine. 

From this it will be noticed that the tabulated evaporative 
results are only comparative, under the same boiler and con- 
ditions ; for the precise value would vary according to the 
merits of the particular boiler employed. 

Coking Qualitt/ of Coah. 

The quantity of coke in the several varieties was ascertained 
by subjecting a portion of them in a crucible to a white heat 
for several hours, and weighing the coke left in the crucible. 

During the experiments only one sample of locomotive 
coke was sent for investigation. This was made by Messrs. 
Cory, of New Barge Wharf, Lambeth, from Andrews's House 
Tanfield coals, in a plain circular oven, having a brick-built 
door, and the coke cooled with water in the oven, yielding 
about 65 per cent, of coke from the coals used. To test the 
practical with the theoretical effects of coking, three separate 
trials were made in the crucible on coals from the same mine, 
which gave a mean yield of coke of 65*13 per cent, of the 
coals, which was regarded as satisfactory evidence of the 
practical return of coke by Messrs. Cory's process of pro- 
ducing hard coke. Although in coking the weight of 
the fuel decreases 35 per cent., the bulk appears to gain about 
11*7 per cent., as seen in the table. In one trial under the 
experimental boiler with the draught increased by blowing 
the steam into the chimney, the coke evaporated about 20 
per cent, less water for equal weights than the coals it was 
made from. The same increased blast was used both with 
the coke and coal to give comparative results, and the fol- 
lowing statement of this trial will show the precautions taken 
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to ensure accuracy with all the experiments ; thongh it has 
since heeu established that coke of good quality is as power- 
ful for evaporation as the average of coals. 

TABLE No. XI. 

Comparative Evapoeation op Water by Coals and Coke under 

TUB SAME Conditions. 

Particulars. Coals. Coke. 

Fire lighted lOh. Om. 9h. Om. 

Steam up llh. Om. 10 h. 15m. 

Wood used 10 lbs. lOlbs. 

Initial temperature of water in boiler . 192*^ 203° 

Temperature of water in tank . . .50"* mean 50** mean 

Barometer 29*7 mean 29-65 mean 

Extremes of external thermometer . . 32°— 56*" 36"— de"" 

Extremes of internal thermometer . . 58*--68** 52°— 65* 

Dew point 48° mean 461 mean 

Area of damper open 168 in. 168 in. 

Fuel consumed 2119 lbs. 2184 lbs. 

Ashes left 41 lbs. 94 lbs. 

Combustible matter in ashes in general from about 20 to 70 per cent., 

averaging aboat 88 per cent. 

Cinder left 12 lbs. none 

Combustible matter in cinder in general, from about 20 to 80 per cent., 

averaging about 55 per cent. 

Clmker 42 lbs. 25 lbs. 

Average soot in flues none none 

Combustible matter in soot in general, from about 55 to even 90 per 

cent., averaging about 70 per cent. 

Water evaporated 17895 lbs. 15275 lbs. 

Water evaporated from 212° by 1 lb. . . 9*91 lbs. 7*91 lbs. 

Burnt per hour per square foot of grate . 12*4 lbs. 12*84 lbs. 

Duration of experiment .... 34 h. 34 hours 

Specific gravity 1*264 

Mean weight of 1 cubic foot . . • 52*1 30* 

Economic weight per 1 ton . . • 42*99 74*66 

Cohesive power 

Pressure of steam blowing off . . . 3 lbs. 3 lbs. 

Evaporation per hour .... 526*3 lbs. 449*2 lbs. 

Fuel per hour 62*3 lbs. 66*2 lbs.* 



* The per-centago of combustible matter in the ashes, cindera, and 
goot is not from these experiments, but an average for general reference. 
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According to this table, 1 lb. of coals evaporated 9*91 lbs. 
of water, and 1 lb. of coke only 7'91 lbs., or 20-1 per cent, 
less, than the coals. The quantity evaporated in a given 
time was also greater by 77 lbs. per hour for the coals. 

The increased draught also increased the evaporative 
results of the coals 5J per cent, over the previous trial with 
the ordinary flue draughts only. The evaporative-|M>{rer 
column includes the estimated loss from the nnconsumed 
combustible matter in the residue. The realised column 
was what was actually obtained during the trials. 

Mechanical Structure^ 

The general appearance of the coal was noted, and its 
comparative bulk to weight for stowage was ascertained by 
filling a box, of 6 cubic feet capacity, with each variety tried, 
and carefully noting the weight per cubic feet. This weight, 
multiplied by the realised ratio of evaporation per lb., gives 
the evaporative power in 1 cubic foot of the particular coals. 
The cohesive property was found by placing 100 lbs. of 
suitable-sized firing pieces, which would not pass through a 
sieve of 1-inch mesh, in a vertical wooden cylinder, 3 feet 
diameter and 4 feet high. This cylinder had internal angular 
shelves, which on its being turned round on its axis, carried 
the coals upwards and let them fall to the bottom, which more 
or less broke them according to their natural cohesion. Each 
variety was subjected to two trials of 50 revolutions each 
time, and then the mean number of pounds of coals which 
would not pass through the 1-inch mesh sieve is given in 
the tables as the comparative cohesion per cent, to resist 
ordinary attrition. 

The ordinary hygrometric water in coals was determined 
by drying them at a temperature of 212^, and has been 
placed under this heading as more allied thereto than to 
chemical union, that more extended observation on the effect of 
such water from fuel on the practical results might be noticed. 
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Combustible Character* 

The combustible peculiarities were noted from observation 
and analyzation of the residue arising from combustion. The 
ease or difficulty of lighting, the draught best suited, the 
rapid or slow combustion, the coking or open barning, the 
amount of attention from the stoker, the quantity of smoke, 
ashes, cinders, and clinkers, with the ratios of nnconsumed 
combustible matter in the residue, were all noted. 

Of the residue, the whole per-centage is given, and the 
clinkers separately. Ashes are no doubt troublesome when 
in large quantities, but these may be approximately ascer- 
tained by the chemical analysis. Clinkers are, however, 
more troublesome, and fusible ones which adhere to the 
fire bars particularly so in obstructing the draught. In the 
Table these are marked ad. for adhesive. In locomotive fur- 
naces the formation of clinkers is very prejudicial to the 
generation of steam, and Goldsworthy Gurney, Esq., from 
his unpleasant experience of these effects on his common -road 
steam carriages, calls them " fire-eaters.** 

The per-centage of combustible matter in the residue 
varies in proportion to the quantity of small coals which 
falls through the grate, and generally the increase of a per- 
centage of residue would indicate an increased per-centage 
of combustible matter also, over the per-centage when the 
fuel was fairly consumed, and the residual matter compara- 
tively small. 

It will be noticed that the Newcastle coals so generally 
employed for domestic use in London are of a caking, smoky 
character, which, however suitable the caking is for the 
house or forge fire, is not so suitable for steam furnaces. 

An experiment with Tibs, of Pyle coals in their ordinary 
Btate, and 7 lbs. wet with water, showed a decided difference 
on a common house fire in coking in favour of the wet 
coals, but was found to operate the reverse way in evaporat- 
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ing water, for the dry coak kept a more open fire, and 
evaporated 2 lbs. more water in 6 hoars. A farther experi- 
ment by immersing 20 lbs. of these coals in water for 24 
hoars showed that they absorbed no appreciable qaantity of 
water bat that due to their wet snrfaces, and when these 
were dry no perceptible difference in weight was detected. 

Chemical Composition. 

The chemical analysis was carefully made from a fair 
average sample of the coals as mined, checked by an analysis 
of pare coal from the same sample. Goals in their ordinary 
state contain more or less shaly, whitish, dall-blackish, extra- 
neous matter or veins of iron pyrites, besides the pure coals, 
which decrease the evaporative valae whilst they increase 
the duty of the stoker and per-centage of residual matter. 
An analysis therefore of the pure coal, or even the specific 
gravity of the pure coal, would be no just criterion of the 
practical composition or practical weight per cubic foot. The 
analysis therefore of the average sample only at mined is 
given under this heading, as the weight per cubic foot was 
given under the heading of mechanical structure. 

The following Tables show the various substances found 
in Coals and their Ashes by analysis : — 

TABLE No. XII. 
Products from Destructive Distillation op Coals. 



Name of Coal. 



I 



Craigola . 
AnthrHcite (Jones & 

Co.) 
Old Castle Fiery Vein 
Ward's Fiery Vein 
Binea 
Llangennecli . 



I 



85-6 
92-9 
79-9 

88-10 
83*69 



I 



1-2 

none 

6-86 
1-80 
2*08 
1-22 



I 



3-1 
2-87 

3-39 
301 
3-58 
4.07 



E 



0-17 

0-20 

0*35 
0-24 
0*08 
0-08 



1^ 



2-79 

0-16 

44 
1-80 
1-68 
3-21 



^ 



II 

QQ 



titices 

0*14 

1-12 
0-21 
0-09 
0-02 






JS 
^ 



0*23 



0-27 
0-21 
0-31 
0-43 



701 
8-93 
9-77 

4-08 
7-28 



COAL. 
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TABLE No. Xni. 
Inoombustiblb Mattebs in Coal Ashes. 



Name of Coal. 


SiUca. 


Alumina 

and 
Oxide of 

Iron. 

44-78 
66-96 
67-30 
62-00 
3601 
63-00 
24-42 
29-09 


Lime. 


Mag- 
nesia. 


Sulph- 

uno 

Acid. 


Phos- 
phoric 
Acid. 


Total 

per 

centage. 


Pontypool . 
Bed was 

Warlich*8 pat. fuel 
Portbmawr . 
Ebbw Vale . 
Fordel Splint 
Wallsend Elgin . 
Golesbill 


40-00 
27-87 
26-20 
84-21 
63-00 
37-60 
61-66 
69-27 


1200 
610 
6-90 
6-199 
3-94 
3-73 
2-62 
602 


trace 

119 

trace 

0-669 

2-20 

I-IO 

1-73 

1-36 


2-22 
7-23 
7-85 
4-12 
4-89 
4-14 
8-38 
3-84 


076 
0-74 

0-633 

0-88 

0-88 

1-18 

0-40 


99-75 

9808 

99-41 

97-821 

99-92 

99-46 

99-99 

99-97 



Calorific Value, 

This was detormined chemically, aud also practically, by 
enclosing 5 grains of finely powdered coal, with 2000 grains 
of litharge, in an air-tight crucible, and weighing the " but- 
ton " of lead melted down. The tables give the mean of three 
separate trials with each fuel. Estimating the heating value 
of carbon as 13,628, the tabular value multiplied by '45, 
gives the lbs. of water which 1 lb. of each fuel should raise 
from 30^ to 212^ where the structure of the coals is favour- 
able. As this is not always so, we have preferred the litharge 
value for practical reference, since the chemical value is from 
10 to 12 per cent, higher on the average than the litharge 
value. 
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STEAM AND THE 8TEAU-ENGIN£. 

Taulb No. XIV.— compahatits cobt, hxchanical, coubus 

or THIBTX'BTTER TABU 



COMBUniBLB 



i in 






"I 



1-1 T 



j»j. 



WXL8H COALB. 
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Table No. XV. — compabativb cost, MECHAincAL, combvb 

or NINETEEN TABIETIES OF THE NEWCASTLE 



HAMB OF COAL. 


COST, 

per ton. ai the 


MBCHANICAL 
STBUCTUBB. 


COUBUSTIBLB 


i 


+- 

1 


* 

1 

1 


1 


s 

"SB. 

2 




i 


1 


1 






^ 


' 


f 


1 




















m 


Willinjcton 




6s. 


43-1 


63*2 


I'll 


AT 


difienltly 


ordinary. 




















iS) 


AndrewiT HoMe^ Tanflcld * 




6s. 6d. 


49*W 


621 


6*68 




eMfly . 




M w Coke . 






74-66 


W 








ationf . 




















rcakea) 
{ and 
I oba. 


Bovden Cloaa 




6s. 


44-96 


60-6 


l'SS88^ 


ordinary. 


o«L 


















(eakea 

and 

I oba. , 


Haawell WaUaend 




«s.8d. 


47-» 


47*4 


4-08 78- 

1 


ord.- 


ord. 


Neweaatle Hartley • 


7t. 




44-86 


60*6 


1-8878-6 


dir. 


stronr . 




Hedley^ Hartler . • 
Bate* Weat Hartley 






43-07 


62* 


1*46 86*6 


easily . 


quick . 


dowly . 




8a. 


4418 


60*8 


9*28 69*6 


ord. 


mod. qk. mod. free 


Weat Hartley Main 




78. to 7a. 6d. 


49-80 


48-9 


6-76 79* 


eaaUy . 


ord. . rapidly , 


Baddlc'a Weit Hartley 




8a. 


44-09 


60*6 


r24 80r 


Old. 


mod.qk. freely . 


Haatini^t Hartley 
Carr'i Hartley 




7a. 6d. 


46-18 


48*6 


r88 76-6 


eauly 


ord. . freely 




7a. 6d. 


46-86 


47-8 


6-60 77-6 


easily . 


ord. .!mod. 


DaviMD's Weat Hartley . 




7s. 6d. 


46-96 


477 


6-19 76-6 


easily . 


ord. 


freely . 


North Perey Hartley 




8a. 


4»-6S 


4ri 


8-4160* 


eaaily . 


ord. 


freely . 


Haawell Coal Company'al 
Steamboat WaUaend / 




88. 


46*26 


4r6 


1-14 79-6 


eaaUy . 


ord. 


I time j 


Derwentwatcr Hartley . 




68. 6d. 


46-44 


60*4 


12-6263*6 


eaaUy . 


ord. 


Broom Hill 


9f . 4d. 




42-67 


62*6 


9-81667 


eaaUy . 


mod.qk. 


( dnll ) 
(flnme 1 


Original Hartley . 

Cowpen and Sidney's Hartley . 




78. 6d. 


43*62 


4ri 


8*1 ISO* 


eaaily . 


ord. 


rapidly . 




78. 


46-76 


47*9 


10-17 74- 


eaaUy . 


Old. 


freely' . 



* lib. of Coala with ordinary draught evaporated 9*39 lbs. at the rate of 361*2 Iba. per hoar. 
1 lb. „ aneven draaght „ 9*91 lbs. ,» 626*3 lbs. „ 

lib. of Coke „ ,. „ 7'91 Iba. „ 449'S Iba. „ 

Keweaatle Coala are said to have been first mined or " dog," duing the reign of Henry III. in l2ito. 



ITKWCABTLa COALS. 
TIBLG, ETAPOBATITK, COETEia, AMD CHEUICAly CHABACTEB8 
SBTBtCT COAI.a AITD 0IT8 SAHPI^E OT COKE. 
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Table No. XVL— compaeatitb cost, mechanical, combus 

TWENTT-EIOHT TABIS 
LANCA 



NAME OF COAL. 



COST, 
per ton, at the 



i 



1 



I 



Inee flail Companien, Arlej 

Hajdock, Little Del/ . 
Balcarren, Arlry . 
Blacklejr, Hunt . 
Ince Hall, Pemberton Tard 

Haydock, Busby Park . 

MoH Hall, PembertoB, 4-ft. 

Haydoek, Higher Florida 

Ince Hall, Pemberton, 4-ft. 

Blackbrook, LitUe I>elf . 

Kin* 

Kushy Park Mine 

Blackbrook, Ruahr Park 

Jobnioni and Worthinirtons. 

RashyPark 
Laffak, Rushy Park 
Balrarrct, Haigh Yard . 

Haydoek, Florida Tda . 

Wigan. 4-ft. 

Ince Hall, Pemberton, 5 ft. 

Cannel (Wigan) . 

Ince Hall Co.'i Furnace Vein 

Balcarm, Lindsay . 

Caldwell & Thompsons, Rushy? 

Balcarres, 6-ft. . [ 

Moss Hall, Pemberton, 6 ft. 

Moss Hall Co.'s New Mine 



7«. 

6s. 
6a. 6d. 



W. 6da 



6«. 

68. to 7s. 

8s. fid. 

"•• 

6s. to 7s. 



7t.6d. 
6s. 



Ss. 6d. to 6s. 

5s. 6d. 

10s. to 1 2s. 

&s. 6d. 

6s. 8d. 

68. 6d. to 7e. 
6s. 8d. 

5s. 



Caldwell &Thompsons,Higheri , ., . . 

Ddf . . { Bs. 6d.to7«. 

John'ons i Woitbingtons Sir 7 
iohn . . . 5 «•• 



8s.6d.to9t.6d. 



8s.6d.to98.3d. 
16s. 



MECHANICAL 
STRUCTURE. 



i 
1 



M 

-a 

m 



i 
I 



i 



47-05 47*6 



49-88 
44*36 
46-66 
46-66 

I 
46-43 

47*35 

43*35 

43*34 
43-92 
44-09 
47-65 
40*5 

44-8 

42-58 
44-18 

I 
46-66 

Ss. to 9s. 6i\ 41-94 

8s. 43-24 

lis. to 18s. 46-37 

7b. 6d. to 8a. 45-48 



8s. to 9s. 6d. 



8s. to 98. 6d. 

98. 



43-83 

47*15 

45-71' 

46-37 



44-9 

50-5 
48-0 
48-0 

49-3 

47-S 

49-5 

51*8 

51- 

50-8 

47* 

55-8 

50* 

52*6 
50-8 

48*0 

63*4 

51-8 

48-3 

49-3 

51*1 

4r6 
49* 

48-3 



46-:8 48-4 



46-28 

I 
43-41, 



48-4 

51*6 



u 
S 



1-07 

8*19 
1-86 
8-66 
3-55 

1*89 

8-33 

6*12 

4-86 
6-58 
2-84 



I 



73*5 

66-6 
76* 
65* 
75*5 

77- 

71*5 

74- 

74-5 
61*5 
78-5 



11-66 67* 



5*90 

7*15 

6-34 
2-69 

6-61 

3-69 

4-75 

l-OI 

5-83 

6*47 

4*97 
7-12 

3*69 
6-76 
0-99 



80*5 

69* 

75-5 
80* 

81*5 

75* 

71-5 

95- 

71*5 

70* 

76* 
44-6 

78*5 
76-5 
77- 



4-62 83* 
I 



COMBUSTIBLB 





^ 






*3 




1 


•* 


i 


l4 


1 


& 


easily . 


ord. 


( cake 1 

sligh. 1 


easily . 


ord. 


freely 


easily 


ord. 


freely 


ord. 


ord. 


freely . 


easily 


ord. 


clear 


easUy . 


Ofd. 


(time j 






easOy . 


Old. 


dear 


easOy . 


Old. 


m 


readily . 


ord. 


clear . 


easily . 


Old. ' 


^Jkr I 


easily . 


mod. qk. . 


easily 


ord. 


clear • 


easUy . 


ord. 


freelf . 


easily . 


Old. 


clear • 


easily . 


ord. 


dear . 


easUy . 


ord. 


steadily . 


easOy . 


ord. 


I time ) 






easily . 


ord. 


I time J 


easily . 


strong . 


easily . 


ord. 


freely . 


eMfly . 


ord. 


( time J 






eaally . 


quick 


( etead. ) 
fora } 
time ) 






eaafly . 


Old. 


dear . 


easOy . 


otd. 


freely 


eaiilj . 


Old. 


\ time i 






eanly . 


otd. 


fora - 
time . 






easfly . 


eonsid. . 


elear 

fora 

. time . 






diff. 


strong . 


slowly . 
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TIBLB, ETAPOBATITE, COBIKS, AKB CHEHICjU. QtlALITIXB 07 
TIES or I.AIICA.BQIKB GOALS. 
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Table No. XVII. — compabatite cost, mechaetical, coiCBUSTiBLEy 

TABIETIXS OF DEBBTSHIBBy EIGHT OF SCOTCH COALS, SIX 



DEBBT 



NAHS or COAL. 



Earl Fitswniiam'i Eltrear 
Hojpland and Co.'t Elieear 
, Earl FiUwUUam't Park Gate 

JBatterlj Co.'i Portland 

jButterly Co.'a hovglej . 
StaTeley . . • 

LoicoCy Soft • • 

LoMoe, Hard • • 



Elgin Walliend . 
Wellewood . 

Dalkeith Coronation 
Kilmarnock Shevington 
Fordel (Splint 
Grangemouth 
Eglinton . , 

Dalkeith Jewel . 



Slierardagli Iriih Anthracite 

ColethiU Co.'t Bagilt Main 
Ewloe . . 

Ibatock . . . 

Forett of Dean (Lydnf j) 
Conception Baj (Chili) , 



Warlieh's Patent Fuel 

Livingstone's Steam Fuel 
Lyon'a Patent Fuel . 

Wylam's Patent Fuel . 
Bell's Patent Fuel 

Ilollaad and Green's 



COST, 
per ton, at the 



.4 



Is. to 7s. 
it. to 7s. 



6s. 94. 

&s.9d. 

6s. 9d. 

6s. 
is. 



88. 6d. 

6s. 

9s. 

9s. 

7s.4d. 



SOs. to 9*%. 



rs.6d. 



MECHANICAL 
8TKUCTUEE. 



I 

I 
I 



M 

•a 
m 



47*45 
46*47 
47-66 

47*65 

4r86 
44*88 

50*0 
48*8 



41*03 
43-58 
43-36 
60-11 

40-7i 

40 13 

43-07 
44 9S 



I 

i 

I 



47^ 

48'2 

4r 
4ri 

4r8 

49*9 
4t*8 

45*9 



64-6 

63*6 

61-66 

447 

66-0 

54-S5 

33-0 

49-8 



4*1 

r7s 

3*08 
7*36 

3*65 
8*64 

9*76 



83 7r 



83*6 
78- 

sr 

84*3 

88-f 

es- 
se- 



COMBUSnBLE 



>4 



S-49 
9*77 
6-3 
7-76 
8-4 
6-43 
10-03 
••7 



64* 

80* 

88-3 

63-5 

68- 

697 
79-6 
867 



easily 
ea»ilf 
easily 

easily 

easily 

easily 

readily 



readily 



easily 

easily 
easily 
easily 
easily 
easily 
uily 
easily 



• mod. 
.|mod. qk. 
inod.qk. 





35*66 


63*8 


4-93' 


74* 


difflcvlUy 


7s. 


4616 


49*6 


6*60 79* 


easily . 




44-44 


60*4 


6-83 


84* 


easQy . 




47 35 


47*3 


113 


63* 


eaaily . 


10s. to lis. 


41-14 


64*44 


3-78 


66* 


easUy . 








13*63 




easUy . 



• ocd. 
.ord. 



Old. 
ord. 
ord. 
ord. 
ord. 
ord. 
ord. 
.ord. 



strong 

ord. 

quick 

qniek 

mod. 

ord. 



3344 


69-06 


H 




slowly . 


Old. • 


34*14 
36-66 
34-41 
34-80 


65-6 
61*1 
65-08 
633 


1*39 

1-91 

1*88 

•9 




difflcoltly 

readily . 
slowly , 


ord. • 

qidck . 
ord. « 


34*66 


64*8 


818 




easDy . 





freely . 

freely . 

freely . 

{ £tce \ 

fireely 
\ time ) 

( time ) 

SCOT 

.'freely • 

.'freely • 

.•freely • 

freely 

stg. flane 

mod. . 

rapid . 

freely . 

TABI 

.deax • 
. freely , 

Jdear , 
.'smoky , 
, freely . 

PATSITT 



mod. 

slowly . 
mod. , 
freely 

i timel 



DBRBTSHIRB, SCOTCH, AND OTHKR CXtAIil. 
ZTAPOBiTIVB, COKING, AND OHEHTOAL FB0FBBTIE3 OF EIGHT 
OTHEB TABISTIES, ANB SIX TABtXTIES OF rAIEfil FUBL. 
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6i 



5?5 
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O 

P3 



O 

1^ 



i 



§3 
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per 

oent. 


CD 
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CO 


C4 

• 

CD 
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• 

o» 


|M 


• 


• 

eo 


00 
00 

• 


eo 

o 

• 


• 

04 


Sulphur 
oent. 


eo 

• 
1^ 


• 


• 


• 


• 


Nitro- 
gen 
per 
oent. 


o 

• 

o 


Ud 
CO 

• 


o 

CO 

oa 

• 
1-4 


• 


• 


Oxygen 

per 

oent. 


US 

t-l 

• 


CO 

• 


eo 

Ud 

• 


Oi 

CO 

• 

Oi 


00 
04 

 

o 

1^ 







eo 



04 

eo 



CD 
CD 






00 
00 

» 



C4 

C4 

00 



o 



eo 

U3 
00 



00 
CO 

o» 



ill 

GQ 






o 
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M3 
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Table No. XIX. 



CHEHIOAL 00MP08ITI0N OF VARIOUS FOREIGN AND COLONIAL 

COALS. 



TAN DIEMEN 8 LAND. 



Name. 



Water. 



South Gape 
Mnt. Nicholas \ 

Break o'Day j 
Tingal 
Jerusalem . 
Douglas Biver, \ 

East Coast } 
Tasman's Pe- | 

ninsula . ( 
Schoten Island . 
Whale's Head, ) 

South Cape ) 
Adventure Bay . 



Sydney, New ) 

South Wales ) 

Borneo, Labuan 

„ 3 ft. Seam 

„ 1 1 ft. Seam 

Formosa Island . 

Vancouver's 

Island . 

Lignite, Trinidad 



] 



Conception Bay . 
Port Famine 
Chirique . 
Laredo Bay 
Talcahnano Bay 
ColooTiaBay . 



Sandy Bay No. 1 

No. 2 

Juan Fernandez 



3-33 

7-24 

4-86 
3-06 

4^87 

4-40 
2^17 
1-72 
3-81 



Carhon. 



63-4 
57-37 

67-21 
68-18 

70-44 

65-54 
64-01 
65-86 
80-22 



Hydro- 
gen. 



289 

3-91 

3-38 
3-99 

4-20 

3-36 
3-55 
3-18 
3-05 



Oxy- 
gen. 



1-01 

9-10 

7-8 
5*89 

9-27 

1-75 
3-38 
7-20 
4-8 



Nitro- 
gen. 



1-27 

1-15 

1-2 
1-62 

1-11 

1-91 

•94 

1-12 

1-36 



YABIOXJS. 



CHILIAN. 



PATAGONIAK. 



Sul- 
phur. 



•98 

•90 

1^32 
1-12 

•70 

1-03 
•85 
1-14 
1-9 



Aih. 



30-45 

27*55 

29-09 
19-20 

14-38 

26-41 

27-17 

21-50 

8-67 



3-25 


82-39 


5-32 


8-32 


1-23 


-70 


• • 

• • 


64-52 
54-31 
70-33 
78-26 


4-74 
5-03 
5-41 
5-70 


20-75 
24-22 
19-19 
10-95 


•80 

•98 

•67 

1-64 


1-45 

1-14 

1-17 

•49 


7-21 


66-93 


5-32 


8-70 


1-02 


2-20 


2-62 


65-20 


4^25 


21-69 


•33 


•69 



• • 


70-55 


5-76 


13-24 


0-95 


1-98 


H^63 


64-18 


5-33 


22-75 


0-50 


1-03 


9-11 


38-98 


4-01 


13-38 


•58 


6-14 


16-03 


58-67 


5-52 


17-33 


•71 


1-14 


12-43 


70-71 


6-44 


13-95 


1-08 


•94 


5-89 


78-30 1 


5-50 


8-37 


1-09 


106 

• 



2-04 

7-74 

14-32 

3-23 

3-96 

15-83 

0-84 



7-52 
6-21 
36-91 
16-63 
6-92 
5-68 



22-68 


62-25 


6-05 


17-64 


•63 


M3 


1314 


22^26 


69-63 


5-68 


17-45 


-64 


•96 


16-64 


6-06 
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The ratio of carbon in coals, it is tbus seen, varies consi- 
derably ; so also does the quantity of hydrogen. Generally, 
bitaminoas coals yield less carbon than anthracite coals, but 
more hydrogen. Bitumen renders coals easily ignited and 
smoky, whilst it gives them that caking quality so much 
appreciated for domestic use in London, by melting the 
coals together, thereby closing the top of the fire, and, 
by preventing the heat being so rapidly carried up the 
chimney, causes it to radiate more into the apartment. It also 
at the same time tends to prevent light ashes flying about, 
an evil so much complained of with less bituminous coals. 

Anthracite contains more carbon than bituminous coals, la 
more clean, by burning nearly free from smoke, and is now 
variously used. 

The following is the average range of composition in 100 

pounds of each fuel : — 

Bituminous Coals. 

Carbon • • • • 53 to 88 lbs. in every 100 lbs. of coals. 
Volatile gases (nitrogen, 

oxygen, and hydrogen) . 44 to 10'5 ., 

Ashes • • . . 3 to 1*5 „ 

Total 100 or 100 



Anthbacitb. 

Carbon • «, • •75to94 lbs. in evory 100 lbs. of coals. 
Volatile gases (nitrogen, 

oxygen, and hydrogen) . 14 to 1*5 „ 

Ashes 11 to 4*5 „ 

Total 100 or 100 



The coal-tables supply a detailed analysis of each of the 
numerous varieties therein named. 

In making coal-gas for illumination, the quantity of car- 
buretted hydrogen evolved varies from about 5,(X)0 to 11,8(X) 
cubic feet per ton of coals, and is thus estimated — 
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Scotohcannel 11,800 cubic feet of gat 

Lancashire caniicl .... 11,600 ,, 

Kewcaatle 9,600 „ 

Staffordshire 6,400 „ 

Wallsend 10,300 „ 

Templemain 6,200 », 

Tenby 4,200 „ 

BesideB lighting parposes, attention has been drawn to 
the heating power of gas in domestic economy. Mr. Defries 
raised the temperature of 45 gallons of water from &f to 100^ 
Fahr. by 80 cubic feet of gas, at a cost of l^d, Mr. Evans 
estimates the heating power of 1 cubic foot of Newcastle coal 
gas as equal to boil off into steam 22 times its own weight of 
water, and practically boiled off from 12 to 13*6 times its own 
weight as below : — 



GMbamt 
oabioft* 


WBIQBT OV 0A8. 


WATBB BOILSD. 


Heating 
power. 

Batio. 


Gt8. 


Spe. giav. 


lbs. 


Batio to 
gas. 


1 
1 
1 
1 


206 
205 
290 
360 


•416 
•413 
•564 
•700 


•4 
•5 

•7 


13-6 
12-0 
136 


22 



Evaporative Value of (Tie Hi/drogen in Coah, 

It has been usual, as previously stated, to regard the heat 
given out by the combustion of hydrogen as little more than 
compensating for its production, and that by the quantity of 
carbon in any fuel its evaporative value was indicated. 

A close examination of the experiment at the Par Consols 
Mine appears to indicate that the hydrogen does exercise a 
beneficial result on the evaporative powers of the fueL The 
quantity of water evaporated was 11*428 lbs. by 1 lb. ol ooals, 
and their composition was 84*19 of carbon, 4*19 of hydrogeu, 
86 of oxygen, 8 of nitrogen, 1*9 of sulphur, and 8*06 of 
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ashes. The water being at 212" temperature required only 
965*7^ of heat to convert it into steam. Taking Dulong's 
values of 13268° of heat for carbon, and 62470^ of heat for 
hydrogen, in this instance, we can readily compare the theo- 
retical with the practical efifect. 
Theoretically we have. 

Carbon = 84'19|X 13268 ,,_^^,, . . 

1001bs.X966'7 =^^'^^^ lbs. of water, 

and for hydrogen =4'19>X 62470 ^.^^ lbs. of water, 

100 lbs. X 966-7 

total theoretical value of 1 lb. of coals =14*267 or 
together, carbon = 84-19 X 13268 = 1117032-92 
hydrogen = 4-19x62470= 261749-30 

1378782-22 

as the units of heat in 100 lbs. of coals, which being di* 
vided by the evaporative heat of 966* 7° x 100 lbs. of coal8= 
14*277 lbs. of water, capable of being evaporated by 1 lb. of 
these coals. 

Practically, 1 lb. of coals evaporated 11*428 lbs. of water 
from 212% or only *139 lb. less than the theoretical value of 
carbon. But this 11*428 lbs. was not all the heat actually 
obtained from the fuel ; for it is stated that, by an arrange- 
ment of water-pipes in the flues, the feed-water was heated to 
about 212"" by the heat absorbed from the passing gases on 
their way to the chimney, where their temperature was still 
300^. Taking the ordinary temperature of water as 52% it 
requires to absorb 160^ to raise it to 212*" ; hence the actual 

10-204x160 
evaporation of ^^ — = 1*690 lb. of additional evapo- 
rative heat from the coals, making 11*894 lbs. as the total 
heat absorbed, or '327 lb. more than was possible by the 
carbon, and 2*37 less than the total theoretic value of 1 lb. of 
coals. Without considering the 300° of heat still left to 
escape up the chimney, the beneficial effect of the hydrogen 
in the evaporative results is quite evident. 
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The Mynydd Newydd coals having a Bimilar largo propor- 
tion of hydrogen (4*28 per cent.), it will be seen by the Table 
that they have a higher practical value than several others 
pOBsessing more carbon but less hydrogen. 

Taking as another example the Aberaman Merthyr coal, 
containing 90*94 per cent, of carbon and 4*28 of hydrogen, 
possessing the highest evaporative value in these tables, or 
10' 75 lbs. under the experimental boiler. 

For the Cornish boiler the evaporation would be — 

10*75 X 1*1995 = 12-894 lbs., and as before, 
Carbon . . 90 94 X 13268 = 1206591*92, or 12*494 lbs. 
Hydrogen .. 4*28 X 62470 = 267371*60, or 2*769 lbs. 

1473963*52 

100x965-7 ^ ^^'^^^ ^^* ** *^® *^®^" 
retic value of 1 lb. of these coals. 

Taking the absorption of carried heat by the feed-water to 
be, as before, equal to 160** for the quantity evaporated, we 

have 12:1^-^^-= 1-781 lbs. as its value, and 10-75 + 

1*781 = 12*531 lbs., or "037 more effect from an inferior 
boiler than due to the carbon. 



Heating of the Feed-water* 

It is not unusual to find a very high value placed upon this 
practice, by those who have not fully investigated the matter. 
The last two examples show that in the one case it added 
1*69, and in the second case 1*78 lbs., to the evaporative value 
of the fuel, when the water was heated to 212°. The mis- 
take arises from supposing that only 212° of heat are 
required to evaporate steam of atmospheric pressure, whilst 
by Regnault's careful experiments it requires 965*7° + 212 
= 1177*7°. From this is to be deducted the initial tem- 
perature of the water, which if taken at 62° leaves WZ^'T 
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to be imparted in order to convert that water into steam. 
Hence, 

oTo — io~ '^*^^» ^^ 14*19 per cent. 

as the utmost gain. If less than the boiling temperature is 
attained by such heating, then the gain would be propor- 
tionally decreased, as shown in the following Table : — 



TABLE No. XXI. 

Batio ot thb Heat applied to Fbbd-watsu to the total Heat of 
Steam of Atmospheric Pbessube, ob 1177*7° less the Initial 
Heat op the Wateb, or say 52^ Temperatures 1125*70. 



Wat«r heated from 


Inoreftfle in deg. 


Increaee per cent, of 


62«toFah. 


FalL 


the heat of Steam. 


62 


10 


•887 


72 


20 


1-77 


82 


30 


2-66 


92 


40 


3-54 


102 


50 


4-43 


112 


60 


5-32 


122 


70 


6*20 


132 


80 


7-09 


142 


90 


7-98 


152 


100 


8-87 


162 


110 


9-75 


172 


120 


10-64 


182 


130 


11-53 


192 


140 


12-41 


202 


150 


13-30 


212 1 


160 


1419 



CHAPTER VII. 



COKE. 



In the Report on Coals for the Navy, Sir H. De la Beche 
and Dr. Lyon Playfair state, " The whole system of mann- 
factaring coke is at present imperfect ; *' and condemn the 
management which allows some of the valuahle products 
from the ovens to be lost, stating, as one instance of such 
loss, that for every 100 tons of coke made, about 6 tons 
of sulphate of ammonia, worth about £IS per ton., could be 
collected and sold. To stimulate such economy they give 
the following ratios of ammoniacal products in the respective 
coals named : — 



TABLE No. XXII. 
Ammoniacal Products in Ooalr. 



Name or Locality of Coal, 


Amount of 
Ammonia ooiv 
leenDonding to the 
mixoma con- 
tained in GoaL 


Amount ot Sul- 
phate of Ammonia 

conesponding to 
the Nitrogen con- 
tained in Coal. 


Graigola .... 
Anthracite f 3' ^^^'^y- 


0-497 
I 0-225 


1-932 
0-990 


Oldcastle Fiery Vein 
Ward's Fiery Vein . 


1-590 
1-238 


6-175 
4-808 


Binea .... 


1-586 


6-741 


Llangenock 

Pentripoth 

Pentrefellin 


1-299 
0-218 
Trace 


5-044 
0-848 
... 


Powell's Duffr}'n 


1-7G 


6-835 
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Amount of 


Amonnt of Snl- 






Ammonia cor- 


phate of Ammonia 




Name or Locality of Coal. 


responding' to the 
Nitrogen con- 
tained in CoiiL 


corresponding to 
the Nitrogen con- 






tained in Coal. 




Mynydd Newydd 


1-808 


7-340 




Three-quarter Rock Vein . 


1-299 


5-044 




Cwm Frood Rock Vein 


1-347 


5-232 




Cwm Nanty Gros 


1-919 


7-448 




Resolven .... 


1-675 


6-505 




Pontypool 


1-639 


6-364 




Bedwas .... 


1-748 


6-788 




EbbwVale 


2-622 


10-182 




Porthmawr Rock Vein 


1-654 


6033 




Coletiiill .... 


1-785 


6-930 




Dalkeith Jewel Seam 


1-214 


0-471 




Dalkeith Corouatioc > 


Trace 


• • • 




Wallsend Elgin 


1-712 


6-647 




Fordel Splint . 


1-372 


5-327 




Grangemouth • 


1-639 


6-364 




Broomhill 


2-234 


8-674 




Park End, Lydney . 


1-47/ 


9-617 




Slievardagh (Irish) . 


0-279 


1-084 




Formosa Island 


0-777 


3-017 




Borneo (Iiabuan kind) 


0-977 


3-771 




„ 8 feet seam . 


1132 


4-620 




99 11 >> • • 


0-813 


8-158 




Wylam's Patent Fuel 


2-040 


7-920 




VVarlich's ,, 


Trace 


• • • 




Bell's 


0-983 


3-818 


» 



Besides these products there are also much heat and 
much hydrogen gas evolved during coking, which are 
seldom turned to any profitable account. Several iron 
works employ the escaping gases from their furnaces with 
economical results. In cooling coke in the ovens there is a 
considerable quantity of pure hydrogen produced from the 
decomposition of the water by the intense heat of the oven. 
It is at least worth a trial to determine the commercial value 
of collecting such products of the coke furnace. 



180 STEAM AND THE STEAM-ENGINE. 

The best process of manufactaring coke is an open ques- 
tion, some engineers preferring hard, others soft burnt coke, 
but the preponderance of numbers is in favour of the hard 
coke. Our observations tend to a different result. The 
comparative term hard is understood to apply to coke from 
which all volatile matters have been expelled, and the term 
soft to refer to coke in which a portion of these gases still 
remain. The distinction applies equally to different portions 
of the same vertical piece of coke in the oven. The upper 
part may be comparatively hard, and farther heat would 
have little to expel from it, whilst the lower part near the 
bed of the oven may be softer, and would evolve a gaseous 
flame, by being exposed to further heat. 

This darker or comparatively softer part we regard as the 
most economical generator of steam in locomotive furnaces, 
arising from its retaining a portion of the original gases in 
the coals. That hydrogen gas is more valuable in gene- 
rating steam than has usually been estimated, is shown 
from practical examples with coals at the Par Consols mine, 
already noticed, where they water their open-burning coals 
to give intensity of heat in the furnace. When coke was 
the staple fuel for locomotives, many of the best locomotive 
drivers used to xoater their coke to make it " last longer ; " 
the water being introduced in a finely divided state into an 
intensely hot tire, which decomposed it into its equivalent 
of hydrogen and oxygen, and thus aided the evaporative 
power of the fuel. From the coking property of some coals, 
water could not be beneficially used with them for steaming, 
since it would increase the tendency to coke, and retard the 
generation of steam by presenting to the boiler a fire -surface 
comparatively cold to that presented by the glowing intensity 
of open -burning coals. This difference may be observed in 
a common house fire, when the poker is required to break 
the surface to obtain greater heat, whilst with other coals no 
such coking occurs^ nor is "pokering" the fire required. 
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The blacksmith's forge is an every-day instance of wetted 
coals producing a very superior fire to coals in their ordinary 
state where intensity of heat is required in the centre of the 
fire, and not to radiate externally against a boiler or other 
object. Whatever evaporative benefit may be derived from 
such introduction of water arises, it is evident, from the gases 
evolved. 

It is usually held that the portion of hygroscopic water in 
coals, varying from 1 to 2 per cent., and the water absorbed 
by coke, varying from 1 to 7 per cent., cause not only a 
loss of weight, but also require part of the remaining fuel to 
evaporate such water. That it would be injudicious to 
purchase wet fuel — also that such wetted fiiel might sensibly 
retard the lighting of a fire — is evident ; but it may well be 
that if a small percentage of water can be converted into 
hydrogen and oxygen, it will be more valuable than an equal 
weight of either coals or coke. 

Unless urged by a strong draught, nearly all the forms of 
pure carbon burn badly. The diamond long resisted the 
action of heat until Lavoisier succeeded in fusing it, and 
showed it to be pure carbon. Goke requires a strong draught 
to promote its combustion. Lampblack in certain states 
ignites spontaneously in casks, but even on being exposed to 
the air it presents only the appearance of a number of 
minute sparks, with little heat and no flame. The least 
admission of air to spontaneously ignited coals, on the 
contrary, produces immediate conflagration. Now, if the 
process of coking could be so far perfected as to retain p 
considerable portion of these combustible elements of coals, 
and only expel the smoky portion, the economy would be 
obvious. 

The gauge contest, about the year 1848, which so rapidly 
promoted locomotion, afforded some information on the 
economy of hard and soft coke. The Newcastle or Durham 
coke principally used on the northern railways bore a high 
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name for its evaporative power and durability, whilst the 
Welsh coke used on the Great Western Railway had only a 
local character inferior to the northern coke, and a claim 
was made for an equivalent allowance for this supposed 
difference. After these trials were over the question was 
practically tested in the broad-gauge engines, ending, con- 
trary to anticipation, in favour of the softer Welsh coke, as 
regarded time and load, with draughts suited to each variety. 
It was found that the blast-pipe used for Welsh coke was too 
large, and the draught too little for the Newcastle coke, and 
the engines failed to keep time until the blast-pipe was made 
less. This of course increased the draught and promoted 
the combustion of the coke, but it introduced the evil of 
increased resisting pressure against the piston, leaving a 
balance in favour of the Welsh coke for equal loads at equal 
velocities by equal quantities of coke. Of the W^elsh coke, 
the softer burnt was likewise found the best, and produced 
the best results in a locomotive boiler. An annoying instance 
of this occurred w^hen the power of a particular engine was 
to be tried. The more beautiful-looking upper parts of the 
coke were selected to fill the tender, and the trial proved a 
failure for want of steam. The rejected portion of the coke, 
supplied to an engine for ordinary duty, produced a contrary 
result. 

In Lancashire, again, a contrary opinion was arrived at, 
and the inability of coke to resist the action of a hard-coke 
blast was assigned as a reason for its inferiority to harder 
coke, although it is clear that if this coke could have generated 
even less steam with a larger blast-pipe than the hard coke 
with a small one, the effective power of the engine to draw a 
load might still have been equal. For every pound of re- 
sisting pressure taken away gives more than a corresponding 
advantage to the acting pressure, since there is less steam to 
escape for an equal amount of tractive power given out. 
Ooke, like coals, varies considerably in its heating power. 
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requiring the draught and process of combustijn to be 
carefully attended to for each quality, so as to evolve the 
best results. Mr. Woods states, that, as compared to the 
Hutton and Worsley cokes taken as 100, the practical values 
of six other varieties not named were, respectively, 76*3, 
80-3, 81-7, 89, 90, 90*1, as tried, it would appear, under 
similar circumstances, which, however, might not be a fair 
trial for the peculiarities of each coke, since the tenderness 
above referred to was stated as one cause of inferiority. 



Cohe-oveiis. 

Like charcoal, coke was formerly made in heaps roughly 
covered from the air, but furnaces or ovens are now employed 
for that purpose. These ovens are of various forms, but it 




JElevalion 



Fig. 82. 



Fig. 83. 
Circular Goke-Oven. 



Fig. 84. 



is not SO much the form as the proper admission of air to the 
coking coals which is of importance. With a well-regulated 
supply of air there is not found to be any marked superiority 
in the most costly ovens over the cheaply constructed circular 
oven of which Figs. 82, 83, 84, show an elevation, section, 
and plan. They usually hold about five or six tons of coals, 
and the air is admitted by the doorway at aaa^ which ]» 
finally closed as required and luted with clay. When the 
process of coking is completed the brick-built door is taken 
dftwn and water injected ^nto the oven to cool down the 
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coke. On this being done, the coke ie removed by the crane 
G, and the large iron shovel i, from the oven, vrbich is then 
ready to be filled again. A namber of these ovene may 
be erected in one cluster, and connected with a central 
chimney. 

Gburch's circular ovens were on the same general plan, 
with a eeries of air-pasaageB below the coke-bed, but not 
in contact with the coke. When the coking process was 
complete these passages were opened, to admit a cnrrent of 
cold air to aid in cooling down the hot coke, which was 
eSccled by carefully CKclading all air from the oven witbont 
the use of water. Coke 80 made waa, therefore, perfectly 



Fig. SB.'-CoK'i Oran,— UeraUoD See^au. 

dry and free from hygrometric water (until it absorbed it 
from the atmosphere), and enjoyed considerable repnte for 
ile Bteaming power. 

The plan of cooling with water is now generally preferred, 
and when done in the oven there is a better return of large 
coke than when drawn out hot and cooled ontside the 
oven. 

Cox's oven is arranged to make both coke and gas at one 
time, as seen in Fig. 85. 

In this oven the air is admitted by the side passages a a, 
passing along the brickwork and opening into the back of 
the oven, aa seen in Fig. 8G. By this arrangement the 
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Kg. 86— Longitudinal Section. 



air IB heated before it comes near the coking coal, and passes 

by the flae to the chimney, as seen by the arrows. When 

gas is required a retort R 

is placed in the upper arch, 

which is acted upon by the 

escaping heat of the oven. 

For coke alone the upper ^ ^^ 

arches might be dispensed □ ^^-« 

with, and the chimney _ rLC, 

placed at the front instead 

of the back, which would 

reduce the cost of erection without impairing the quality of 

the coke. 6 b are eye-holes for observing the process of 

coking by the escaping products of combustion, and also for 

admitting air to pro- 
mote the draught, 

as may be required. 

The coke is drawn 

out hot on the "era- c 

die,*' Figs. 87, 88, 

which show the 

plan and edge view 

of this implement. 

It is placed on the 

floor of the oven, as 

seen at 0, in Fig. 86, and the coals put in the oven afterwards. 

When the coking is completed the door is opened, and a 

strong chain from a crab is attached to the hook of the cradle, 

and by the exertion of two or three men working the crab 

the whole mass is drawn at once from the oven hot, and 
cooled with water afterwards. The coke being more friable 

when hot than when cold, there is rather more small coke by 
this plan than by cooling in the oven. 

Amongst the most recently constructed coke-ovens are 
those of the Bristol and Exeter Railway at Bridgewater. 




,u'of 
Figs. 87 and 88. 
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In them is embraced some iroprovemcntB, with modiOtations 
of both Cliurcb's and Ooi's ovens. Chnrcli's cooling nir- 
passagea are made to come in contact with the coke, to pro- 
mote eqanl ignition, and the side air-paasages have freqnent 
openings into the oven, whilst the upper passages further 
regulate the admisuon of air, as fidly illustrated in the follow- 
ing drawinge from the " Aide-M^moire of Military Sciences," 



Flf. S9.— Cokt-Otsn. Oimmd otnooiPlav. 

li^g. 89 ie a ground plan of eight coke oveng, communi- 
cating with a central cliimney, showing the lowest side air- 
passages leading from the front, and hy the transverse dotted 
passages trnderneath the conls to promote equal ignition of 
the whole mass at onoe. When this is done these poBsagee 
are closed for that occasion. 

Fig. 90 is a plan at the upper Mr-passages for re- 
gnlatug the supply to the burning fuel. The side open- 
ings introdace the air bo as to distribnte it as equally na 
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possible above the burniog masa. The apacea parallel with 



Rg. KK-CokfOren. Plan at Ale Pua««. 

the chimney between the oveiu are filled ap with diy rubble, 
as shown in both plans. 




Vig. 91 is a eectiua, at A B, of £^g. 90, ahowing the 
vertical construction of the ovens, air-pusages, side openinga, 
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[oweBt air-poBBageB, and central openiaga, leading into the 
fine which connecta them with the chimney. 



Fig. U3.— Goke-Oren. Longiludlnia Seotioa at £ F, i%. tO. 

Fig. 93 U a section of two ovena at E F, Fig. 90, showing 
the longitudinal plan of theovcna and air-paBsagea, with the 
manner of their jouctiou at the back. 



Elg. U.— Oidie-^>TeD. Longitudinal SeotioD Ot Oven and CUnmer Riwi^ 

Fig. 93 is s, longitudinal section of the oven and chimney- 
flue, with the dampera A, B. 

Fig. 91 is a section between the ovena at D, showing 
their connection with tlie chimncv. 
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Pig. 96 is a front elevation of two ovens, showing the 
external air-orifices A, B, with the form of the cast-iron doors 
and fittings. 

The process of making coke with all these ovens is to fill 
them with their respective quantities of coals in such rotation 
as to produce a daily supply of coke. When the coke is 
cooled in the oven, the coals require to he lighted ; hut when 
the coke is drawn out hot, the coals then pat in ignite readily 




Fig. 94. 
Vertioal Section at the 
Junction with tha 
Chimney. 



Fig. 96. -Elevation. 



by the heat of the oven. The door is then lined inside with 
fire-bricks, and closed and luted with fire-clay, to make it air- 
tight. Sometimes no door is used, and the opening is built 
up with fire-bricks, leaving regulating air-passages to be closed 
as the coking progresses. The duration of the process is from 
48 to 96 hours, but is a good deal dependent on the com- 
position of the coals, the state of the atmosphere, and the 
class of oven employed. When coals contain little or scarcely 
any sulphur, the process is slow. 

It is the duty of the coke-burner to watch the progress of 
the combustion by the eye-holes for that purpose, and to re- 
gulate the admission of air accordingly. When scarcely any 
fiame can be observed to pass from the heated mass of fuel 
the air is altogether excluded for some time before the oven 
is ready to be " drawn " or " cooled,** as the case may be. 

Since, therefore, even with the most carefully arranged air- 
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passages, much depends upon the care of the burner, there 
exists, as previously remarked, an opinion amongst ex- 
perienced men that, with such care judiciously exercised, 
the cheaper class of ovens are nearly as good as the most ex- 
pensive ones for all practical purposes. The Great Western 
Railway Company have had both classes of ovens, and found 
no material difference in the products, either in quantity or 
in quality. The Bristol and Exeter Railway ovens yielded 
about 13 cwt. of good coke, 6i cwt. of small and waste coke, 
and some ashes, fit for lime-burners, from a ton of Cardiff 
coals. The coke was drawn out of the ovens hot, by a cradle 
similar to Cox*s, Figs. 87, 88, which probably increases thf" 
eomparative quantity of small to large coko. 



CHAPTER VIIT. 
PEAT. 

Peat, or turf, like coal, is a vegetable product ; but it it 
comparatively light, fibrous, and spongy. The quality of 
peat is very variable, but generally it improves in proportion 
to its depth below the surface, owing partly to the more 
advanced decomposition of the constituent fibres, whereby 
the fibrous texture becomes lost, and partly to the dead pres- 
sure of the superincumbent load. It is of a light brown 
colour near the top, and of a darker brown lower down, until 
in the deeper bogs it becomes nearly black. 

Peat, as it is cut from the bog, contains from 80 to 90 per 
cent, of water, and when air-dried it retains a proportion of 
water equal to from 15 to 25 per cent, of the whole weight. 
"When dried it is light, and therefore bulky. Whilst a cubic 
yard and a quarter of heaped coal weighs a ton, it requires 
tour or five cubic yards of dried turf of average quality to 
weigh a ton. The difficulty of drying peat, and its bulkiness 
when dry, constitute grave objections to its use as a fuel. 
The evaporative power of average peat is little more than a 
half of that of average coal, and it follows that, to effect the 
evaporation of an equal quantity of water, the volume of 
peat fuel required would amount to about eight times the 
volume of coal. The desiderata for the manufacture of good 
peat fuel are, therefore, a cheap method of drying and the 
condensation of the peat Dense peat is excellent as a 
generator of steam ; and though it is much inferior to coal in 
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heating power, it leaves a minimum of clinker, and it does 
not concentrate the heat, in burning, with local intensity 
upon the boiler, as occasionally happens in burning coal. 

The manufacture of peat-fuel is conducted in three dif- 
ferent ways : producing ordinary cut turf, turf compressed 
by mechanical force, and condensed turf, made by the 
maceration or the tearing up and mixing of raw fibrous 
peat. The great advantage of the condensing process is 
obvious, when it is considered that it effects a reduction of 
bulk, and consequent increase of solidity and specific 
gravity, of from 2^ to 3 times those of the untreated 
material, as evidenced by the following comparative weights 
of peat : — 

Ordinary cut peat, air-dried, average weight (say) 20 lbs. per c. ft 

Dense peat, from upper strata 40 „ „ 

„ middle strata 62| „ „ 

„ lowest strata ...... 73 „ ,, 

The following is an analysis, by Dr. Oameron, of peat from 
an estate in Galway, of which three samples were submitted 
to him: — 

** No. 1, the densest of the three specimens : 100 parts 

contain — 

Moisture 29*34 

Carbon 4203 

Hydrogen 5*08 

Nitrogen 1*65 

Oxygen 17*5 

Sulphur 0-60 

Ash 380 

10000 
Coke 31-30 

" A specimen of turf marked No. 2 is still better, contain- 
ing only 22'67 per cent, of moisture and 2*32 per cent, of 
ash." 

With regard to the heating power of peat, it may be 
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stated that the results of a long course of comparative trials 
of peat and coal, during alternate fortnights, at Messrs. 
Guinness's Brewery, in Dublin, proved conclusively that, for 
generating steam, the efficiency of the peat was just one- 
half of that of coal. 

On the Continent, peat is very much used in locomotive 
engines, and it has frequently been tried in this country for 
the same purpose. About the year 1840, Lord Willoughby 
d*Eresby had some peat tried in the Hesperus locomotive, on 
the Great Western Railway. This engine was of Hawthorn's 
return-tube construction, and required, it was reported, about 
a third more of peat than of coke, with equal forces of draught. 
The peat was of a medium quality, and of a brown colour. 

According to the reports of other trials, in locomotives 
and in steamboats, peat-fuel was more effective, weight for 
weight, than coal, as fuel. There must have been some mis- 
take in the trials or in the reports, and it is most probable 
that the efficiency of peat is really about one-half that of coal, 
taking average qualities. This conclusion is confirmed by 
the experience on the Continent. 



CHAPTER IX. 

GENERAL NOTIONS ON STEAM. 

Steam, !n a popular sense, is the name given to the visible, 
moist vapour which arises from bodies which contain juices 
easily expelled from them by heat, though the heat may not 
be sufficient for the combustion of the bodies. Thus there is 
the steam of boiling water, of malt, of a tan -bed. Steam 
rises in abundance from bodies when they are heated, form- 
ing a white cloud, which diffuses itself, and disappears at no 
very great distance from the bodies from which it was dis- 
engaged. In this ease the surrounding air is found loaded 
with water or moisture ; the steam ultimately being com- 
pletely dissolved in the air, and composing while thus united 
a transparent elastic fluid. Here the steam has passed 
through the three stages of invisibility, visibility, and invisi- 
bility ; for steam at the instant of generation is invisible and 
perfectly transparent, and if isolated from air it continues to 
be invisible and perfectly colourless, like air, but it appears in 
the form of an opaque-white cloud when first mixed with air, 
and continues to be visible until it has been dissolved in the 
air. If a teakettle boils violently, so that the steam issues 
from the spout in great abundance, it may be observed that 
the visible cloud is not formed at the very mouth of the spout, 
but at a small distance before it, when it begins to mingle 
with the surrounding air. Ultimately, the cloud disappears 
in the atmosphere of the room, when the vapour has become 
completely dissolved in the air. 

Steam is, then, an elastic fluid, vaporised water, as water 
IB liquefied ice. 
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We are most faqiiliar with steam when in the act of rising 
violently from heated water in the process of eballition, and 
its phenomena may be studied with advantage by examining 
it in a glass vessel placed over a strong lamp. When heat is 
first applied, a rapid circulation of the flaid ensues. The 
water on the bottom being first heated and expanded, be- 
coming lighter than the rest, rises to the top, and is replaced 
by the current of colder water descending, to receive in its turn 
a further accession of heat. Afterwards, small globules of 
steam, formed on the bottom and surrounded by a film of 
water, are observed adhering to the glass ; as the heat in- 
creases, they enlarge ; in a short time several of them unite, 
form a bubble larger than the others, and, detaching them- 
selves from the glass, rise upwards in the fluid. But they 
never reach the surface ; they encounter currents of water 
still comparatively cold, and descending to receive from the 
bottom their supply of heat ; and, encountering them, the bub- 
bles are robbed of their heat, shrivel up into their original 
bulk, and are lost among the other particles 
of water. In a short time the mass of 
water becomes more uniformly heated, the 
bubbles, becoming larger and more fre- 
quent, are condensed with a loud crackling 
noise, and at last, when the whole mass 
reaches the temperature 212** Fahrenheit, 
the bubbles rise through the water without 
being condensed, swell and unite with 
others as they rise, and burst out upon 
the air in a copious volume of steam, of the ^'^^^^^ 
same temperature tiS the water from which 
they are formed, and, pushing aside the air, make room for 
themselves. In this process, by continuing the application 
of heat, the whole of the water may be '' boiled away,'* or 
oonverted into steam. 

For example, let the glass phial B, Fig. 96, represent 
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a boiler filled with water to W, and placed over the flame of 
the candle 0. At first, there is uo visible circulation in 
the water, but it soon begins, and continues to increase until 
small globules are observed to form at the bottom from some 
of the descending atoms of water, and as soon as formed dart 
ofl in an irregular zigzag ascent to the surface, retaining 
their spherical form. The circulation increases until ebullition 
commences, and larger and more numerous globules are 
formed, crossing each other's paths in their ascent to the top, 
where they expand into steam nearly 1,700 times more 
voluminous than the water enclosing the globule. In the 
figure, only two of these atoms of water, a a, a a, are 
represented, to make the process more obvious. 

It is also to be remarked that the temperature of the steam 
issuing from boiling water is the same as the temperature of 
the water itself, and remains equally invariable ; so that all 
the steam produced from water boiling at 212^, is itself at 
212^ It is manifest that the heat which the fire gives out 
during the time of ebullition is carried off by the large volumes 
of steam that are diffused through the air, and so it happens 
that an increase of heat in the fire, instead of increasing the 
heat in the w«ter, only increases the volumes of steam thrown 
off and the quantity of heat carried away. 

This view of the subject is confirmed by a simple experi- 
ment. Place a strong flask containing water, having a ther- 
mometer among the water, over a lamp until the water boils. 
The thermometer will be observed rising till it reaches 212^ 
when the steam will begin to escape rapidly from the neck of 
the flask. Let the flask now be corked tightly, and the heat 
continually applied, it will then be observed that the ther- 
mometer does not now stand at 212^, but rises visibly from 
this point to 220° and 230°, showing that the free escape of 
the steam into the open air is necessary in order that the boil- 
ing-point, ns it is called, may remain stationary. And, 
further, if the cork be withdrawn from the flask, whilst the 
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heat of the lamp is still applied, the vapour will instantly rush 
out in a large volume, and the thermometer will sink and re- 
turn to 212°, where it will remain, showing that all the excess 
of heat has been carried off by the steam into the air. 

It is evident from the foregoing consideration that a large 
quantity of heat is appropriated and carried off by the steam 
of the quantity of which the thermometer affords no indication, 
although the same heat that produced the state of ebullition 
be continually applied ; and although this heat continuously 
enters the water, yet it is not detected by the thermometer 
The heat that becomes thus insensible, or hidden in the 
steam, is said to become latent, and is known as latent heat. 
The term is not, however, strictly exact, for the quantity of 
heat thus apparently rendered insensible may be discovered 
and measured by means of other appliances. With this 
qualification, it is a useful expression, and is characteristic of 
the phenomena of the constituent heat of steam. 

But the question arises, Why does water require to be 
heated up to 212° before it will throw off steam into the 
atmosphere ? May it not throw off the steam at a lower 
temperature? The reply is, that the elastic force of the heat 
is not sufficient to enable the steam to force its way against 
the pressure of the air until it reaches the temperature of 212° 
In proof of this assertion, it may be stated that when the 
pressure of the air on the surface of the water is diminished 
by artificial means, the steam does actually rise, and the water 
bubbles and boils with great violence at temperatures much 
below 212°. Thus, when water is heated under a pressure only 
one-half of the atmospheric pressure, it boils at a temperature 
of 180° ; and when the pressure is diminished to one -fifteenth 
of that of the air, it will boil at a temperature as low as 102^. 

The phenomena of the condensation of steam by cold, on 
which the action of the condensing steam-engine depends, is 
the inverse of the generation of steam by heat. If a body 
of steam be placed in contact with any body cooler than it- 
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self, as iron, wood, or water, it is instantly condensed by the 
body to a greater or less extent ; and the condensing process 
is continued until the temperatnre of the body is raised to an 
equality with that of the steam, by the heat disengaged from 
the steam at the moment of condensation, or until the whole of 
the steam is condensed into water. 



CHAPTER X. 

INVESTIGATIONS ON THE PROPERTIES OF STEAM. 

The earliest-known researches into the phenomena of 
steam, undertaken with a philosophical purpose, are those of 
J. Henrico Ziegler, published by him in 1769. He allowed 
atmospheric air to mingle with the steam to such an extent 
as greatly to vitiate the results. 

M. Betancourty about the end of last century, made a series 
of experiments on the force of the vapour of water, alcohol, 
and other liquids at various temperatures. Some of his ex- 
periments were made tn vacuo, and he seems to have been one 
of the first philosophers who examined the production of 
steam at temperatures below the ordinary point of ebullition 
under the pressure of the atmosphere. His experiments ex- 
tended from 32** up to 279**, being 67® above the ordinary 
boiling-point, and the precautions which he adopted for the 
removal of atmospheric air from intermixture with the 
vapours gave his experiments considerable precision and 
value. 

Dr. Bobinson was one of the first, in this country, to make 
accurate and systematic experiments on the temperature and 
pressure of steam, about the year 1778; though Mr. Watt, 
in 1764-65, made roughly some experiments, from which he 
laid down a curve to represent the relation of the tempera- 
ture and the pressure, in which he says, " the abscissas 
represented the temperatures, and the ordinates the pressures, 
and thereby found the law by which they were governed, 
sufficiently near for my then purpose." In 1773-74 he re* 



200 STEAM AND THE STEAM-ENGIKE. 

Bumed his experiments, which were repeated by Mr. Southern 
and Mr. Oreighton, in 1808, with the view of ascertaining 
the density of steam at pressures below as well as above that 
of the atmosphere ; extending from a pressure of 0*4 inch to 
240 inches of mercury, or eight atmospheres. Dr. Dalton, 
in 1793 and 1802, published the results of his experiments ; 
and, subsequently. Dr. Ure, in 1817, Mr. Philip Taylor, and 
Professor Arberger of Vienna, experimented on high-pres- 
sure steam through an extensive range of temperatures. 

A commission of the French Academy were appointed to 
investigate systematically the phenomena of steam. They 
completed their labours in 1829, the investigation having been 
conducted principally by MM. Arago and Dulong. The re- 
sults of their observations, which were carried as high as to 
twenty-four atmospheres of pressure, or about 360 lbs. per 
square inch, were published in 1831. In 1830, a committee of the 
Franklin Institute, of the State of Pennsylvania, United States, 
was appointed to examine into the causes of the explosion of 
steam-boilers. They experimented on the pressure and tem- 
perature of steam at pressures varying from 1^ to 10 atmo- 
spheres. In 1844, Professor Magnus published a memoir on 
the expansive force of steam, in which he noticed the defects 
of previous investigations. 

In July, 1844, M. V. Eegnault published his very valuable 
memoir on the " Elastic Force of Aqueous Vapour " in the 
Annates de Ghimie et de Physique, and afterwards more 
fully in the memoirs of the Institute, in 1847. M. Eegnault 
repeated the methods of Dalton, Ure, Magnus, Dulong, 
and Arago, and he pointed out the defects under which they 
laboured, and the limits between which their results could be 
relied on. His experimental observation extended from a 
temperatuid 25*6® Fahrenheit below 0® or zero, at which 
the pressure was less than 0*006 lb. on the square inch, to 
446'' Fahrenheit, at which the pressure is over 400 lbs. on 
the square inch. 
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Apparatus far Testing the Properties of Steamy with some 

Results of Observations, 

The relations of temperature and pressure of steam are 
those which, as the simplest and the most direct, have most 
engaged the attention of investigators. Under the pressure of 
the atmosphere, which is 14*7 lbs. per square inch, the tem- 
perature is designated 212^ Fah. ; and from this temperature, 
above and below, all others are reckoned, corresponding to 
the greater or less pressures under which the steam is gene- 
rated. When the atmospheric pressure is withdrawn by 
means of an air-pump, water has been observed to boil at as 
low a temperature as 70°, producing steam having a pressure 
of about *33 lb. per square inch, or *72 inch of mercury. If 
water be boiled in a glass phial, and corked whilst it still con- 
tains steam, it wiU, on being withdrawn from the heat, cease to 
boil; but if immersed in cold water boiling would recommence, 
because the cold had condensed the steam and removed the 
pressure from the water ; but if again immersed in hot water 
steam would be formed, and the boiling cease from the 
increased pressure on the water. It is found approximately 
by experiment that for every variation of one inch of mercury, 
or one-half pound of the pressure on the water, the boiling- 
point, within a narrow limit of range, varies 1*76'', as 
under : — 



Barometer 
in Mercury. 






Boiling Point. 
Fahr. 


27 .... 206-9 


27J 
28 






207-8 
208-7 


28} 
29 






209-6 
210-4 


29} 
30 






211-2 
212 


80} 






212*8 


31 . , 






213-6 



Steam is produced at all temperatures ; even at the frees- 
iug-point, vapour is produced, and it possesses mechanical 
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force even at snch a low teniperatare, as is shown in the fol« 
lowing Table by Dalton : — 

TABLE No. XXTTI. 

ELASTIC FORCE OF STEAM FROM 32 ** TO 212"^ IN INCHES 

OF MERCURY. 



Temp. Force 


Temp. 


Force. 


Temp. 


Force. 


Temp. 


Force. 


Temp. 


Force. 


Deff. 


In.mer. 


Beg. 


In.mer. 


Deg. 


Iii.mer. 


Deg. 


IiLmer. 


Deg. 


In. mer. 


32 


0-200 


69 


0-698 


105 


2-18 


141 


5-90 


177 


14-22 


33 


0-207 


70 


0-721 


106 


2-25 


142 


606 


178 


14-52 


34 


0-214 


71 


0-745 


107 


2-32 


143 


6-21 


179 


14-83 


35 


0-221 


72 


0-770 


108 


2-39 


144 


6-37 


180 


1515 


36 


0-229 


73 


0-796 


109 


2-46 


145 


6-63 


181 


16-50 


87 


0-237 


74 


0-823 


110 


2-53 


146 


6-70 


182 


15-86 


38 


0-245 


75 


0-851 


111 


2-60 


147 


6-87 


183 


16-23 


39 


0-254 


76 


0-880 


112 


2-68 


148 


7-05 


184 


16-61 


40 


263 


77 


0-910 


113 


2-76 


149 


7-23 


185 


17-00 


41 


0-273 


78 


0-940 


114 


2-84 


150 


7-42 


186 


17-40 


42 


0-283 


79 


0-971 


115 


2-92 


151 


7-61 


187 


17-80 


43 


0-294 


80 


1-00 


116 


300 


152 


7-81 


188 


18-20 


44 


0-305 


81 


1-04 


117 


308 


153 


801 


189 


18-60 


45 


0-316 


82 


107 


118 


3-16 


154 


8-20 


190 


19-00 


46 


0-328 


83 


1-10 


119 


3-25 


155 


8-40 


191 


19-42 


47 


0-339 


84 


1-14 


120 


3-33 


156 


8-60 


192 


19-86 


48 


0*351 


85 


1-17 


121 


3-42 


157 


8-81 


193 


20-32 


49 


0-363 


86 


1-21 


122 


3-50 


158 


902 


194 


20-77 


50 


0-375 


87 


1-24 


123 


3-59 


159 


9-24 


195 


21-22 


51 


0-388 


88 


1-28 


124 


3-69 


160 


9-46 


196 


21-68 


52 


0-401 


89 


1-32 


125 


8-79 


161 


9-68 


197 


2213 


53 


0-415 


90 


1-36 


126 


3-89 


162 


9-91 


198 


22-69 


54 


0-429 


91 


1-40 


127 


400 


163 


10-15 


199 


2316 


55 


0-443 


92 


1-44 


128 


4-11 


164 


10-41 


200 


23-64 


56 


0-458 


93 


1-48 


129 


4-22 


165 


10-68 


201 


24-12 


57 


0-474 


94 


1-53 


130 


4-34 


166 


10-96 


202 


24-61 


58 


0-490 


95 


1-58 


131 


4-47 


167 


11-25 


203 


25-10 


59 


0-507 


96 


1-63 


132 


4-60 


168 


11-54 


204 


25-61 


60 


0-524 


97 


1-68 


133 


4-73 


169 


11-83 


205 


2613 


61 


0-542 


98 


1-74 


134 


4-86 


170 


12-13 


206 


26-66 


62 


0-560 


99 


1-80 


135 


5-00 


171 


12-43 


207 


27-20 


63 


0-678 


100 


1-86 


136 


5-14 


172 


12-73 


208 


27-74 


64 


0-697 


101 


1-92 


137 


5-29 


173 


13-02 


209 


28-29 


65 


0-616 


102 


1-98 


138 


5-44 


174 


13-32 


210 


28-84 


66 


0-635 


103 


2-04 


139 


5-59 


176 


13-62 


211 


29-41 


67 


0-655 


104 


2-11 


140 


5-74 


176 


13-92 


212 


30 00 


68 


676 



















To produce steam of a pressare greater than the atmo- 
sphere requires the water to be boiled in a close vessel until 
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ft has attained the force necessary to perform its mechanical 
duty. The gradual accumulation of that force in a steam- 
boiler, and the ratio of the temperature to that force, are illus- 
trated in Fig. 97, which represents a spherical boiler partly 
filled with mercury and partly filled with water. B, a 
barometric glass tube open at both ends, reaching nearly 
to the bottom of the mercury. A thermometer is shown 
with its end reaching nearly to the surface of the water. D, 
the supply cock for filling the boiler. 
On heat being applied below the 
boiler whilst the supply cock D is 
open, the steam will pass out as it is 
formed, at a temperature of 212°, and 
the mercury will remain stationary, 
since the pressure of the atmosphere 
on it in the tube B is equal to the 
pressure of the steam on the water 
in the boiler A. If D be then shut, 
this equality of pressure ceases, and 
the mercury begins gradually to as- 
cend the tube in the ratio of the 
accumulating force of the steam above 
the force of the atmosphere. The 
thermometer also rises by the in- 
creased temperature of the steam. 
Now, if the pressure of the steam 
has raised the mercury 15 inches in the tube B, indicating 
a force of 7^ lbs. above that of the atmosphere, the thermo- 
meter will have risen to 234*^, being the measure of the heat 
at that pressure. At 250^, the mercury in the tube will have 
risen 30 inches, showing a pressure of 15 lbs. above the 
atmosphere with a temperature of 250^, or an absolute 
pressure of 30 lbs. per square inch on the water. If the 
cock D be now opened the steam will rush out, and the ther- 
mometer will rapidly fall to 212®, the mercury in the tube I> 
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retnruing to zero. The elastic or mechanical force of steam 
increases in a greater ratio than its temperature, for at 212° its 
force is 15 lbs., at 250° it is 30 lbs., and at 284'' it is 52^ lbs. 
The first 38^ increases the force 15 lbs., bat by 34° more 
heat its force is increased 22^ lbs. 

In the experiments conducted for the French Academy by 
MM. Arago and Dnlong, the pressure of steam was tested by 
means of a barometric tube filled with mercury. It was made 
in thirteen pieces, each 78J inches long, to join together so 
as to form one enormous glass tube, having a bore of about 
one-fifth of an inch diameter for the mercurial column. This 
was erected against the old church tower of Qenevieve, and 
experiments made to determine the accuracy of Mariotte's law 
of air, that its pressure or force is inversely as the space a 
given quantity is made to occupy. Having found this law 
very nearly correct to the high pressure of 24 atmospheres, 
and as the fears of the authorities for the old tower from an 
explosion of the boiler led to the large barometer being taken 
down, they employed carefully constructed air-gauges similar 
to Figs. 69, 70, to determine the force of the steam. 
One thermometer was placed in the boiler to ascertain the 
temperature of the steam, as in Fig. 97, and another placed 
nearly to the bottom of the water, that the temperatures of 
both water and steam might be ascertained at the same time. 
They were found to correspond exactly, the steam being of 
the same temperature as the water which produced and was 
in contact with it. 

The compression of the air in the gauge, by the force of the 
steam acting on the mercury, indicated its pressure at the same 
time, so that the pressure and temperature were simulta- 
neously determined up to 24 atmospheres, and by calculation 
extended to 50 atmospheres, as given in the following Table: — 
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TABLE No. XXIV. 

MXSSBS. ARAOO AND DULONO's EXPERIMENTS Olf THE TEMPSBATVBB 

AND FBESSURE OF STEAM. 



Atmo- 
spheres. 


Degr. Fah. 


Deg. Cent. 


lbs. per Inch. 


Kilogrammes . 
per sq. Centimtr. 


1 


212 


100 


14-706 


1-0335 


li 


233*96 


112-2 


22-059 


1-5502 


2 


250-52 


121-4 


29-412 


2-067 


2J 


263*84 


128-8 


36-765 


2-5837 


3 


275-18 


135-1 


44-118 


3-1005 


3i 


285-08 


140-6 


51-471 


3-6172 1 


4 


293-72 


145-4 


58-824 


4-134 


4J 


300-30 


149-6 


66177 


4-6507 


5 


307-54 


153-1 


73-53 


5-1675 


H 


314-24 


156-8 


80-883 


6-7842 


6 


320-36 


160-2 


88-236 


6-2010 


ci 


326-26 


163-48 


95-589 


6-7177 


7 


331-70 


166-5 


102-942 


7-2345 


7i 


336-86 


169-37 


110-295 


7-7512 


8 


341-78 


172-1 


117-648 


8-268 


9 


350-78 


177-1 


132-354 


9-3015 


10 


358-88 


181-6 


147-060 


10-3350 


11 


366-85 


186-0 


161-766 


11-3685 


12 


374-00 


1900 


176-472 


12-402 


13 


380-66 


1937 


191-178 


13-435 


14 


ii86-94 


197-19 


205-884 


14-469 


15 


392-86 


200-48 


220-59 


15-5025 


16 


398-48 


203-6 


235-296 


16-536 


17 


403-82 


206-5 


250002 


17-5696 


18 


408-92 


209-4 


264-708 


18-6030 


19 


413-78 


212-2 


279-414 


19-6366 


20 


418-46 


214-7 


294-120 


20-67 


21 


422-96 


217-2 


308-826 


21-7035 


22 


427-28 


219-6 


323-532 


22-7370 


23 


431-42 


221-9 


338-238 


23-7705 


24 


435-56 


224-2 


352-944 


24-8040 


25 


439-34 


226-3 


367-650 


25-8375 


30 


457-16 


236-2 


441-18 


31-005 


35 


472-73 


244-85 


514-71 


36-1725 


40 


48669 


252-55 


588-24 


41-34 


45 


499-13 


259-52 


661-77 


46-5075 


50 


510-60 


265-89 


735-33 


61-6750 



In 1832-3 the Franklin Institate of America made a 
series of elaborate experiments to determine the latent 
heat in steam of from 212° to 215^, by condensing a given 
weight of steam in a given quantity of water. 
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Fig. 98 shows the method adopted and the care exercised 
to obtain accurate results. F, the boiler into which the 
copper vessel L, containing the heater S, was placed to sus- 
tain the temperature of the boiler during the trial. W, h, g^ 
a pipe for conveying the steam to the condenser A, filled 
with a known quantity of water. The steam was allowed to 
flow from the boiler and condense until the condenser was 
filled, when it was shut ofif by the cock k. The condenser 
and contents being then accurately weighed showed the 
weight of steam which had been condensed, and the ther- 
mometer t showed the increase of the temperature of the 
water in A. Of the three other thermometers, e showed the 
temperature of the steam, % the temperature within the 
radiation protector B, and o the surrounding temperature 
of the apartment. 

These thermometers were all carefully adjusted and correc- 
tions made for their respective duties, and both condenser 
and boiler incased to prevent loss of heat by radiation. A 
reflecting tin plate, P, was also placed between them, to 
guard against the least influence from the boiler affecting 
the condenser. 

The principal results are given in Table No. 25. 
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TABLE No. XXV. 

LATENT HEAT IN STEAM, F&ANKLIN INSTITUTE. 



STEAM. 



11 
1 

t| 






^8 






WATER. 



lATENT 
HEAT. 



"i 



g 



.3 

Is 



c? 



Fah. 


Fah. 


214 


127-5 


215 
215 
214 


129-25 
139-25 
136-75 


213 


120-35 


215 
214 
213 


127 

139-5 

139-75 


213 


134-2 


212 


143-5 


213 


123-8 


214 


124-2 



Grains. 

347 

504 
241 
250 



299 

192 
156 
127 



167 
156 

169 
19( 



MateriaL 
\ thin \ 
[ copper ) 



>» 
»» 
ft 



I 



thick \ 
glass j 



ft 



thin \ 
glass ) 



99 



thick I 
sheet > 
iron ) 



» 



Grains, 

38659 

38659 
39305 
39305 



17112 

17112 
17428 
17428 



18405 
17428 

13152 
13152 



4 

.as 




«l 



Fah. 


Fah. 


Fah. 


75-35 


10-75 


1086-5 


70-9 

68-75 

70 


14-85 
7 
7-25 

18-05 


1025-5 

1018-95 

1019-55 

996-9 


74-6 


75-5 
64-6 
65-25 


12-5 
9-9 
8 


1077-82 

1044-8 

1035-75 


68-5 


10 


987-3 


58-5 


10 
14-1 


1003-3 
1027*2 


75-1 


73-7 


161 


1043-5 



Fah. 



1037-87 



1038-51 



995-3 



1035-35 



Having made these experiments on latent heat, the Com- 
mittee extended their researches to ascertain the relation be- 
tween the temperature of the steam and its elastic force. For 
this purpose they employed a small boiler 12 inches diameter 
and 34^ inches long, having a glass window in each end for 
observation, besides the usual gauge-cock and glass water- 
gauge. A mercurial cistern was attached to the boiler, and 
into the cistern was fitted, steam tight, an air-gauge 26*43 
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inclies long, of the class of Fig. 69, having its open end in 
the mercury. A scale of pressures having been carefully 
adjusted to this gauge -tube, thermometers were applied to 
test the temperature of the water and of the steam in the 
boiler.' Much care was taken to obtain accurate accounts 
from the pressure of the steam on the gauge, and to note at 
the same time the temperature indicated by the ther- 
mometers. 

As with all other experiments on steam and water in con- 
tact with each other, the temperature was ascertained to be 
the same in both. 

When the first trials were completed, it was found that 
they differed considerably from those of the French Academy, 
when they were repeated with all the advantages of experi- 
ence and precaution gained from the first series. The 
results of both series are given in Tables Nos. 26 and 27 ; 
and Table No. 28 contains a summary of the pressures 
advancing by half*atmospheres, and the relative tempera- 
tures, 

TABLE No. XXVI. 

ELASTIC FOItCE OF STEAM BY THE FSAITKLIN INSTITUTE. 

{First Series of Experiments,) 





Temp. 


Yolnmes 
of air at 

48^. 


Height of 


Compres- 






Temp, of 


of air in 


meronry 


sitieonairin 


Total elasticity 


steam* 


steam- 
gauge. 


in steam 
gauge. 


steam-gauge 
eqxuilto 


per square inch, in 


Eahr, 


Ffl.hr. 


Vols. 


In. mer. 


In. mer. 


In. mer. 


Atmos. of 
30 in. mer. 


262j 


1 


74 


3-737 


15-04 


59-09 


72-99 


2-43 


268< 




tf 


3-259 


16-34 


67-76 


82-97 


2-76 


276 


f 


tf 


2-898 


17-34 


76-20 


92-42 


3-08 


286 


f 


9t 


2-319 


18-94 


95-23 


113-07 


3-77 


296 


^ 


» 


1-948 


19-94 


113-36 


132-21 


4-41 


298 


K 


)) 


1-891 


20-11 


116-76 


135-80 


4-532 


302 


»» 


1-767 


20-44 


124-98 


144-33 


4-813 


305} 


75 


1-641 


20-79 


134-57 


154-28 


5-14 


313; 


ft 


1-422 


21-39 


155-30 


175-61 


5-85* 


317; 


tt 


1-332 


21-64 


165-79 


186-36 


6-21 


320: 


76 


1-255 


21-79 


173-20 


193-92 


6-46 


327| 
333{ 


ft 


1-113 


22-24 


198-41 


219-14 


7-30 


ft 


0-950 


22-69 


232-46 


25409 


8-47 
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TABLE No. XXVn. 

ELASTIC FOBCB OF STEAM BY THE FKANKLIN INSTITUTE. 

{840ond Series of JEssperimcnts,) 



^ 



Temp, of 
steam. 



Fabr. 



Temp. 

of air in 

Bteam- 

gango. 



Falir. 

53 
52 

>» 

>» 

53 

54 
54} 

ft 

66 

65i 

56 

57 

57} 

tt 
58 

if 
62 



Volumes 

of air at 

iff 



Vols. 

4-277 
3*026 
2-152 
1-974 
1-802 
1-611 
1*500 
1-382 
1-233 
1*124 
0-937 
0-904 
0-870 
0-805 
0-771 
0-737 
0-719 
0-786 



Height of 
meicuy 

in atecm- 
gange. 



Compio 

tnte on air in 

stetim^^ange 

eqnsuto 



In. mer. 

1404 
17-34 
19-64 
2006 
20-66 
21-04 
21-34 
21-64 
22-04 
22-34 
22-84 
22-94 
23-04 
23-24 
23*34 
23-44 
23-60 
23-28 



In* mer. 

4619 
66-29 
91-76 
100-06 
109*63 
122-66 
131-66 
142-94 
160-26 
176*86 
210-84 
218*60 
226-92 
246-44 
256-05 
267-97 
274-92 
261-78 



Total cL?sti'»»ty 
pcrcr>n£xeinch,in 



&i. mer. 

59-08 
8161 
110-30 
11902 
129-11 
142*62 
151*92 
163*61 
181-23 
197-13 
232*62 
240*48 
548*92 
267*62 
278-33 
290-35 
297*36 
274*00 



■Atnos. of 
30 in. mer. 

1-97 

2-72 

3-68 

3-97 

4-30 

4-76 

5-06 

5-46 

6-04 

6-67 

7-76 

8*02 

8-30 

8-92 

9-28 

9-68 

9-91 

9-13 



I 



TABLE No. XXVin. 

MEAN ELASTIC FOBCE OF STEAM, DEDUCED FEOM THE FHANKLIN 

EXFEBIMENTA IN ATM08PHEBE8. 



Pies- 


Obeenred 


Pree- 


Obseryed 


Pros. 


Observed 


Fres- 


Observed 


mre. 


Temp. 


snre. 


Temp. 


sure. 


Temp 


sure. 


Temp. 


Atmos. 


Eahr. 


Atmos. 


Falir. 


Atmos. 


Fahr. 


Atmos. 


Fahr. 


1 


212 


3* 


384 


6 


316} 


H 


340} 


H 


235 


4 


291} 


6* 


321 


9 


346 


2 


250 


*i 


298} 


7 


326 


^ 


349 


2} 


264 


6 


304} 


7} 


331 


10 


362} 


3 


275 


H. 


310 


8 


836 


1 





There is not room in this place to describe the various 
apparatus employed by M. Kegnault in prosecuting his 
observations on the properties of steam. The results of the 
observations of Begnault have been thoroughly discussed and 
reduced to order and formulas for practical purposes, in the 
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article Steam, in the eighth edition of the '' EncydopsBclia 
Britannica/' contributed by Mr. D. E. Olark, of which some 
use will be made in what follows with regard to the proper- 
ties of steam. In the same article is given an illustrated 
description of RegnauU's experimental apparatus 



CHAPTER XI. 

BOILING POINTS. 

The boiling point, or the temperatare at which ebnUition 
and evaporation commence, is always the same for the same 
liquid under the same circumstances. This constant point 
depends on the nature of the liquid : for the following 
liquids, the boiling points, at atmospheric pressure, are as 
follows : — 

DegreeeFahr. 

Mercury 648 

Oil and grease, mean 599 

Sulphuric acid * 590 

Pure water 212 

Ck>mmon alcohol 173 

Chloroform 140 

Sulphuret of carbon 118 

Ether 100 

The pressure exerted on the surface of the liquid being 

opposed to the generation and disengagement of the globules 

of vapour in proportion to its intensity, it follows that 

there are as many different boiling points for the same liquid 

as there may be different pressures on its surface. Pure 

water, at the level of the sea, under atmospheric pressure, 

boils at 212^ Fah. But the higher the elevation above that 

level, the more is the atmospheric pressure diminished, and 

the boiling point reduced ; whilst the lower the level below 

that of the sea the greater is the pressure and the higher 

the boiling point. Ebullition is notably facilitated on high 

mountains ; and retarded at low levels, or at the bottom of a 

deep mine. It is facilitated under the receiver of an air- 
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pnmp, when the air is exhausted; and, on the contrary, 
retarded in a boiler under high pressure. The boiling point 
of water in the open air, at various localities, is as follows : — 

Degrees Fahr. 

London 212 

Mexico (Almshouse of Saint-Gothard) . .198 

Quito . 194 

Mount Blanc (16,000 feet above the level of 
the sea) ....... 185 

Foreign substances in suspension in water, as mud or 
sand, not chemically combined with it, do not appear to 
exercise any sensible influence on the position of the boiling 
point. But it is sensibly affected by substances in combina- 
tion or in solution. Such substances as are more volatile 
than water, as ether and alcohol, when combined with 
water, lower its boiling point. Salts, on the contrary, raise 
the boiling point. For example, for water saturated with 
various salts, the boiling points are as follows : — 

Degrees Fahr. 
Carbonate of soda 220*3 

Sea salt 230 

Sal ammoniac 237*6 

Saltpetre 239 

Soda 250 

Carbonate of potash • . • • 275 

Chloride of calcium 355 

The nature of the boiler aflects to some extent the evapo- 
ration of water ; chiefly in this way, that the evaporation is 
freer according as the conducting power of the material is 
greater. In the order of conductibility, the metals are as 
follows : — Ist, copper ; 2nd, iron, which has only about two- 
fifths the conducting power of copper ; 3rd, zinc and tin, 
about a third ; 4th, lead, which has only about half the 
conducting power of zinc. As to brass, the more of zinc it 
contains, the less is its conducting power ; but the propor- 
tion of 90 per cent, of copper to 10 per cent, of zinc makes 
a composition which acts very well as a conductor in the 
multitubular flues of locomotive boilers. 



CHAPTER XII. 
PRESSURE AND EXPANSION OF STEAM. 

The pressure of steam is equal in all directions, and it is 
usual to measure the pressure with reference to that of the 
atmosphere, which is equal to ll'T lbs. per square inch of 
surface, and is the measure of one atmosphere of pressure. 
Vapours, of which steam is one, do not follow the law 
peculiar to permanent gases, according to which the volume 
of a given weight is inversely as the pressure. It has been 
demonstrated, on the contrary, that there exists a constant 
relation between the pressure, the density, and the tempera- 
ture of steam ; such that the pressure cannot be raised above 
a given maximum, without, at the same time, a certain 
elevation of temperature. If the volume be forcibly reduced, 
and the vapour compressed, without any change of tempera- 
ture, the compression has not the effect of augmenting the 
pressure, as would happen if air was similarly treated : it 
only results in liquefying a portion of the steam, according as 
the volume is reduced, so that the volume, however reduced, 
will only contain so much proportionally the less of steam of 
the original pressure. In order to increase the pressure, the 
temperature must be raised. When the vapour has at- 
tained the limit of density and pressure, corresponding to 
the temperature, the steam is said to be saturated, and it is 
always in the state of saturation when in contact with water. 
For one pressure, there is on^ density and one temperature ; 
and the higher the pressure, the greater is the density and 
the higher is the temperature. 
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But when a quantity of steam is placed out of contact 
with water, as in the cylinder of a steam-engine, it may be 
expanded, and again compressed np to the limit of satura- 
tion, and it will follow approximately, though hot precisely, 
. the law of Boyle or Mariotte ; that is to say, the pressure is 
nearly in the inverse ratio of the volume, insomuch that 
when the volume is doubled, the pressure is reduced to 
about one-half, and when the volume is trebled, the pressure 
is reduced to about a third. 

If, however, a quantity of saturated steam be super- 
heated, it becomes amenable to the laws of permanent gases, 
and behaves as one of them, expanding and contracting in 
the inverse ratio of the volume, when the temperature is 
constant, without the condensation of any portion of it. 

It follows — 1st. That one density and one pressure relative 
to one temperature are attained in a steam boiler; these 
several quantities are in equilibrium, and the steam is in a 
state of saturation. 2nd. That so long as the state of satura- 
tion corresponding to a given temperature is not attained, 
evaporation continues; when attained, evaporation ceases. 
3rd. If the capacity of the boiler be increased, evaporation is 
resumed, until the state of saturation is again arrived at. 
Likewise, if the temperature be increased, evaporation is 
resumed, and continues till the steam again becomes satu- 
rated. 4th. If the temperature falls, the pressure and the 
density fall also. 5th. If the boiler be closed, and the steam 
remain at the same temperature, the conditions remain 
unchanged. But, if an opening be made for the outflow of 
steam, the pressure will fall, and evaporation will be recom- 
menced, until saturation is re-established. This new gene- 
ration of steam is very rapid, so much so that the pressure 
does not sensibly vary between and during the charges of 
steam taken from the boiler for each stroke of the piston. 

The annexed Table, No. 29, of the properties of saturated 
steam, is transcribed from the article Steam in the " Encyclo- 
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paodia Britannica." The Table is calcalated by means of the 
formulas given in that article, which are deduced from the 
experimental observations of M. Regnaolt In the first column 
arc given the pressures from 1 lb. to 200 lbs. total or absolute 
pressure per square inch. In the second column are the tem- 
peratures of saturated steam, of the pressures given in the first 
column. The third column contains the total heat of steam of 
the given temperatures, reckoned from 32° Fab. ; that is, it is 
assumed that the water from which the steam is generated is 
supplied to the boiler at a temperature of 32° Fah., and that 
it is raised from 32° to the sensible temperature, as in the 
second column, preparatory to being converted into steam of 
the corresponding temperature and pressure. The fourth 
column contains the latent heat of the steam, being that 
which is consumed by the nascent steam in forcing its way 
into space, or forming itself, in addition to the heat required 
to separate the particles of the water and so convert it into 
vapour. The fifth column contains the density of the steam, 
expressed in pounds weight per cubic foot, as a measure of 
the quantity of matter in a given volume. The sixth column 
gives the volume of one pound of steam, which is the re- 
ciprocal of the density. By means of the values in the sixth 
columu, the volume of any given weight of steam, compared 
with the volume or bulk of the water from which it is 
generated, may be readily calculated. But, to avoid the 
necessity for making such calculations, the seventh column is 
added, containing the relative volumes of steam of the 
several pressures, or the volume in cubic feet of steam 
generated from one cubic foot of water* 
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TABLE No. XXIX. 



PBOFERTIES OF SATURATED STEAM. BY D. K. CLARK. 



Total 
Pressure 


Tempera- 


Total 
Heat» 

reckoned 
from 

82^ Fahr. 


Latent 


Density 
or Weight 


Volume 
of 


Relative 

Volume, or 

cubic feet of 


per 

square 
inch. 


ture. 


Heat. 


of one 
cubic foot. 


one pound 
of steam. 


steam from 

one cubic foot 

of water. 


lbs. 


Fahr. 


Fahr. 


Fahr, 


lb. 


cubic feet. 


ReLvol. 


1 


102-1 


1112-5 


1042-9 


•0030 


330-36 


20600 


2 


126-3 


1U9'7 


1025 8 


-0058 


172 08 


10730 


3 


141-6 


1124-6 


1015 


•0085 


117-52 


7327 


4 


1531 


11-281 


10068 


-0112 


89 62 


6589 


6 


162-3 


1130-9 


1000-3 


•0138 


72-66 


4630 


6 


170-2 


1133-3 


994-7 


-0163 


61-21 


3816 


7 


176-9 


1135-3 


990-0 


•0189 


52-94 


3301 


8 


182-9 


1137-2 


985-7 


-0214 


46-69 


2911 


9 


188-3 


1138-8 


981-9 


-0239 


41-79 


2606 


10 


193-3 


1140-3 


978-4 


-0264 


37-84 


2360 


11 


197-8 


11417 


975-2 


-0289 


34-63 


2157 


12 


2020 


11430 


972-2 


•0314 


31-88 


1988 


13 


205-9 


1144-2 


969-4 


•0338 


29-67 


1844 


14 


209-6 


1145-3 


966 8 


•0362 


27-61 


1721 


14-7 


2120 


1146-1 


965-2 


•0380 


26-36 


1642 


15 


213-1 


11464 


964-3 


•0387 


25-86 


1611 


16 


216-3 


1147-4 


962-1 


•0411 


24-32 


1516 


17 


219-6 


1148-3 


959-8 


•0436 


22-96 


1432 


18 


222-4 


1149-2 


967-7 


•0459 


21-78 


1367 


19 


2253 


1150-1 


955-7 


•0483 


20-70 


1290 


20 


228-0 


1150-9 


952-8 


•0507 


19-72 


1229 


21 


230-6 


1151-7 


951-3 


•0631 


18-84 


1174 


22 


2331 


1152-5 


949-9 


•0556 


18 03 


1123 


23 


235-5 


1153-2 


948-6 


•0680 


17-26 


1076 


24 


237-8 


1153 9 


9469 


•0601 


1664 


1036 


25 


240-1 


1154-6 


945 3 


•0626 


16-99 


996 


26 


242-3 


1155-3 


943-7 


•0660 


16.38 


968 


27 


244-4 


1155-8 


942-2 


•0673 


14-86 


936 


28 


246-4 


1156-4 


940-8 


•0696 


14-37 


896 


29 


248-4 


1157-1 


939-4 


-0719 


13-90 


866 


30 


250 4 


11578 


937-9 


•0743 


13-46 


838 


31 


2522 


1158-4 


936-7 


-0766 


13 06 


813 


32 


254-1 


1158-9 


936-3 


•0789 


12-67 


789 


33 


255-9 


1159-5 


934-0 


-0812 


12-31 


767 


34 


257-6 


1160-0 


932-8 


•0836 


11-97 


746 


35 


259-3 


1160-5 


931-6 


•0868 


11-66 


726 


36 


260-9 


1161-0 


930-6 


•0881 


11-34 


707 


37 


262-6 


1161-5 


929-3 


•0906 


11-04 


688 


38 


264-2 


1162-0 


928-2 


•0929 


10-76 


671 


39 


265-8 


1162-6 


927-1 


•0962 


10-61 


666 


40 


267-3 


1162-9 


926-0 


•0974 


10-27 


640 


41 


268-7 


1163-4 


924-9 


•0996 


1003 


625 


42 


270-2 


1163-8 


923-9 


-1020 


9-81 


611 



iil» 


STEAM AND 


THE STKAM-BNGINE. 




Total 
PresBure , 


Tempera- 


Total 
Heat, 

reckoned 
from 

32«' Fahr. 


I>eiisity 
Latent or Weight 


Volume 
of 


Relative 

Volume or 

cubic feet of 


per 
square 
inch. 


ture. 


Heat. of one 
cubic foot. 


one pound 
of steam. 


steam firom 

one cubic foot 

of water. 


lbs. 


Fahi'. 


Fahr. 


Fahr. 


lb. 


cubic feet. 


Bel. vol. 


43 


271-6 


1164-2 


922-9 


•1042 


9-59 


598 


44 


2730 


1164-6 


921-9 


•1065 


9-39 


685 


45 


274-4 


1165-1 


920-9 


•1089 


9-18 


672 


46 


275-8 


1165-5 


919-9 


•1111 


900 


661 


47 


277-1 


1165-9 


919-0 


•1133 


8-82 


660 


48 


278-4 


1166-3 


9181 


•1156 


8-65 


639 


49 


279-7 


1166-7 


917-2 


-1179 


8-48 


529 


dO 


2S1-0 ' 


11671 


916-3 


-1202 


8-31 


518 


.51 


282-3 


1167-5 


915-4 


•1224 


8-17 


609 


52 


283-5 


1167-9 


914-5 


-1246 


8-04 


500 


53 


284-7 


1168-3 


913-6 


•1269 


7-88 


491 


54 


285-9 


1168-6 


912-8 


•1291 


7-74 


482 


65 


287-1 


1169-0 


912-0 


-1314 


7-61 


474 


56 


288-2 


1169-3 


911-2 


•1336 


7-48 


466 


57 


289-3 


1169-7 


910-4 


•1364 


7-36 


458 


58 


290-4 


1170-0 


909-6 


•1380 


7-24 


461 


59 


291-6 


1170-4 


908-8 


•1403 


7-12 


444 


60 


292-7 


1170-7 


908-0 


•1426 


7-01 


437 


61 


293-8 


1171-1 


907-2 


•1447 


6-90 


430 


62 


294-8 


1171-4 


906-4 


•1469 


6-81 


424 


63 


295-9 


1171-7 


905-6 


•1493 


6-70 


417 


64 


296-9 


1172-0 


904-9 


•1516 


6-60 


411 


65 


298-0 


1172-3 


904-2 


•1538 


6-49 


405 


66 


299-0 


1172-6 


903-5 


•1560 


6-41 


399 


67 


300-0 


1172-9 


902-8 


•1583 


6-32 


393 


68 


300-9 


1173-2 


^ 902-1 


•1606 


6-23 


388 


69 


301-9 


1173-5 


901-4 


•1627 


6-16 


383 


70 


302-9 


1173-8 


900-8 


•1648 


6-07 


378 


71 


303-9 


1174-1 


900-3 


•1670 


5-99 


373 


72 


304-8 


1174-3 


899-6 


•1692 


6-91 


368 


73 


305-7 


1174-6 


898-9 


•1714 


5-83 


363 


74 


306*6 


1174-9 


898-2 


•1736 


6-76 


369 


75 


307-5 


1175-2 


897-5 


•1769 


6-68 


353 


76 


308-4 


1175-4 


896-8 


•1782 


6-61 


349 


77 


309-3 


* 1175-7 


896-1 


•1804 


6-64 


346 


78 


310-2 


1176-0 


895-5 


•1826 


6-48 


341 


79 


311-1 


1176-3 


894-9 


•1848 


6-41 


337 


80 


312-0 


1176-5 


894-3 


•1869 


5-36 


333 


81 


312-8 


1176-8 


893-7 


•1891 


6-29 


329 


82 


313-6 


1177-1 


893-1 


•1913 


6-23 


326 


83 


314-5 


1177-4 


892-5 


•1936 


5-17 


321 


84 


315-3 


1177-6 


8920 


•1967 


5-11 


818 


85 


316-1 


1177-9 


891-4 


•1980 


6-06 


314 


86 


316-9 


1178-1 


890-8 


•2002 


600 


311 


87 


317-8 


1178-4 


890-2 


•2024 


4-94 


308 


88 


318-6 


1178-6 


889-6 


•2044 


4-89 


305 


89 


319-4 


1178-9 


889-0 


•2067 


4-84 


301 
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Total 
Pressure 


Tempera- 


Total 
Heat, 

reckoned 
from 

32* Fahr. 


Latent 


Density 
or Weight 


Volume 
of 


Belatiyo 

Volume, or 

cubic feet of 


per 

BQuaro 

inch. 


ture. 


Heat. 


of one 
cubic foot. 


one pound 
of steam. 


steam from 

one cubic foot 

of -water. 


lbs. 


Fahr. 


Fahr. 


Fahr. 


lb. 


cubic feet. 


' Kel. vol. 


90 


320-2 


1179-1 


888-5 


•2089 


4-79 


298 


91 


3210 


1179-3 


887-9 


*2111 


4-74 


295 


92 


321-7 


1179-5 


887-3 


•2133 


4-69 


292 


93 


322-5 


1179-8 


886-8 


•2155 


4-64 


289 


94 


323-3 


1180-0 


886-3 


•2176 


4-60 


286 


95 


3241 


1180-3 


885-8 


•2198 


4-55 


283 


96 


324-8 


1180-5 


885-2 


•2219 


4-51 


281 


97 


325-6 


1180-8 


884-6 


•2241 


4-46 


278 


98 


326-3 


1181-0 


884-1 


•2263 


4-42 


275 


99 


3271 


1181-2 


883-6 


•2285 


4-37 


272 


100 


327-9 


1181-4 


8831 


-2307 


4-33 


270 


101 


328-5 


1181-6 


882-6 


-2329 


4-29 


267 


102 


329-1 


1181-8 


882-1 


-2351 


4-25 


265 


103 


329-9 


11820 


881-6 


-2373 


4-21 


262 


104 


330-6 


1182-2 


881-1 


-2393 


418 


260 


105 


331-3 


1182-4 


880-7 


-2414 


4-14 


257 


106 


331-9 


1182-6 


880-2 


-2435 


411 


255 


107 


332-6 


1182-8 


879-7 


•2456 


407 


253 


108 


333-3 


1183-0 


879-2 


•2477 


4-04 


251 


109 


334-0 


1183-3 


878-7 


•2499 


400 


249 


110 


334-6 


1183-5 


878-3 


•2521 


3-97 


247 


HI 


335-3 


1183-7 


877-8 


•2543 


3-93 


245 


112 


336-0 


1183-9 


877-3 


•2564 


3-90 


243 


113 


336-7 


1184-1 


876-8 


•2586 


3-86 


241 


114 


337-4 


1184-3 


876-3 


*2607 


3-83 


239 


115 


338-0 


1184-5 


875-9 


•2628 


3-80 


237 


116 


338-6 


1184-7 


875-5 


-2649 


3-77 


235 


117 


339-3 


1184-9 


875-0 


-2652 


3-74 


233 


118 


339-9 


11851 


874-5 


•2674 


3-71 


231 


119 


340-5 


1185-3 


874-1 


•2696 


3-68 


229 


120 


341-1 


1185-4 


873-7 


•2738 


3-65 


227 


121 


341-8 


1185-6 


873-2 


•2759 


3-62 


225 


122 


342-4 


1185-8 


872-8 


•2780 


3-59 


224 


123 


3430 


1186-0 


872-3 


•2801 


3-56 


222 


124 


343-6 


1186-2 


871-9 


•2822 


3-54 


221 


125 


344-2 


1186-4 


871-5 


•2845 


3-51 


219 


126 


344-8 


1186-6 


871-1 


-2867 


3-49 


217 


127 


345-4 


1186-8 


870-7 


-2889 


3-46 


215 


128 


346-0 


1186-9 


870-2 


•2911 


3-44 


214 


129 


346-6 


1187-1 


869-8 


•2933 


3-41 


212 


130 


347-2 


1187-3 


869-4 


•2955 


3-38 


211 


131 


347-8 


1187-5 


869-0 


•2977 


3-35 


209 


132 


348-3 


1187-6 


868-6 


•2999 


3-33 


208 


133 


348*9 


1187-8 


868*2 


•3020 


3-31 


206 


134 


349-5 


1188-0 


867-8 


•3040 


3-29 


205 


135 


350-1 


1188-2 


867-4 


•3060 


3-2Z 


203 


136 


350-6 


1188*3 


867-0 


•3080 


3-25 


202 
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Total 
Pressaie 


Tempera- 


Total 
Heat, 

reckoned 
trom 

82?Fahr. 


Latent 


Density 
or Weight 


Yolatne 
of 


BeUtive 
Volnme, or 
cubic feet of 


per 

sguare 

inch. 


ture. 


Heat. 


of one 
cubic foot. 


one pound 
of steam. 


steam fh>m 

one cubic foot 

of water. 


lbs. 


•Eahr. 


Fahr. 


Fahr. 


lb. 


cubic feet. 


BeLvoL 


137 


351-2 


1188-5 


866-6 


-3101 


3-22 


200 


138 


351-8 


1188-7 


866-2 


•3121 


3-20 


199 


139 


352-4 


1188-9 


865-8 


•3142 


3-18 


198 


140 


352-9 


1189-0 


865-4 


•3162 


3-16 


197 


141 


353-5 


1189-2 


865-0 


•3184 


3-14 


195 


142 


354-0 


1189-4 


864-6 


•3206 


3-12 


194 


143 


354-5 


1189-6 


864-2 


•3228 


310 


193 


144 


355-0 


1189-7 


863-9 


•3250 


3-08 


192 


146 


355-6 


1189-9 


863-5 


•3273 


3-06 


190 


146 


3:61 


1190-0 


863-1 


•3294 


3-04 


189 


li7 


356-7 


1190-2 


862-7 


•3315 


3-02 


188 


US 


3:7-2 


1190-3 


862-3 


•3336 


3-00 


187 


149 


Zb'iS 


1190-5 


861-9 


•3357 


2-98 


186 


150 


35^-3 


1190-7 


881-5 


•3377 


2-96 


184 


l')5 


3)1-0 


1191-5 


859-7 


•3484 


2-87 


179 


160 


363-4 


1192-2 


8579 


-3590 


2-79 


174 


165 


3660 


1192-9 


856-2 


-3695 


2-71 


169 


170 


368-2 


1193-7 


854-5 


•3798 


2-63 


164 


175 


870-8 


119-1-4 


852-9 


•3899 


2-56 


159 


180 


372-9 


1195-1 


851-3 


•4009 


2-49 


155 


185 


375-3 


1195-8 


849-6 


-4117 


2-43 


151 


190 


377-5 


1196-5 


848-0 


•4222 


2-37 


148 


195 


379-7 


1197-2 


846-5 


-4327 


2-31 


144 


200 


381-7 


1197-8 


845-0 


-4431 


2-26 


141 



From the preceding Table of the properties of steam, it is 
apparent that the total heat slowly increases with the tem- 
perature. It may be well to introduce in this place the results 
of twenty-eight carefully conducted trials, Table No. 30, by 
Mr. Josiah Parkes, made in 1838, to test the theory, at that 
time maintained, that the total heat of steam was the same at 
all temperatures. Within the limits of Mr. Parkes*s trials 
namely, from 15 lbs. to 60 lbs. total pressure per square inch, 
the quantity of coal consumed for the evaporation of 20 
cubic feet of water varied from 195 to 200 pounds. A cur- 
sory inspection of the fifth column of the Table suffices to 
show generally a moderate increase of consumption with the 
pressure. The trials were made with an ordinary locomotive 
boiler. Mr. Parkes's Table is here given without alteration y^ 
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TABLE No. XXX. 



SUMMARY OF MR. PARKES'S EXPERIMENTS ON THE PRODUCTION 07 

STEAM AT DIFFERENT PRESSURES. 



Ezpts. 


Pressare. 


Temp. 


Coals. 


Bnmt. 


Water. 


DuxatioxL 


No. 


Above Atm. 
lbs. 


Deg. Fah. 


Total 
lbs. 


Eaohexp. 
lbs. 


Evapt. 
cub. ft. 


h. 


m. 


4 





212- 


800 


200 


20 


10 





1 


5 


226-3 


199 


199 


20 


9 


55 


1 


10 


237-64 


202 


202 


20 


10 


1 


3 


1 


247-94 


585 


195 


20 


9 


50 


2 


20 


256-78 


396 


198 


20 


10 


2 


1 


25 


264-82 


204 


204 


20 


10 


4 


1 


30 


272-02 


200 


200 


20 


10 





1 


35 


278-80 


203 


203 


20 


9 


58 


2 


40 


285-04 


404 


202 


20 


9 


59 


2 


45 


290-76 


408 


204 


20 


10 


5 


3 


50 


295*96 


615 


205 


20 


10 





3 


55 


300-76 


624 


208 


20 


9 


67 


4 


60 


30506 


840 


210 


20 


10 


2 



CHAPTER XIII. 

PLOW OF STEAM. 

It ig known tbat gases and vapours act like liquids iu 
flowing through tubes and oriflces. Now, the velocity of 
flow of liquids is given by the ordinary formula of gravity, 

V = y/2yh,0T V = 8 s/hj 
in which V is the velocity in feet per second; g is the 
velocity acquired by a body in falling freely from a state of 
rest, at the end of one second, being 32*2 feet per second ; 
and h is the height in feet through which the body falls. In 
words, the formula is to the effect, that the velocity acquired 
in falling through a given height is equal to eight times 
the square root of the height in feet ; the product being the 
velocity expressed in feet per second. A modification of 
the same formula is applicable for calculating the flow of 
gases. But there is this distinction, that whilst, for liquids, 
the height through which the water falls, to the orifice of 
flow, can be easily ascertained by measurement, — for gases, it 
is necessary to ascertain the height by calculation, thus : — 
The pressure of the gas or vapour is equal to that of a column 
of the gas of which the weight is equal to the pressure ; 
and if the pressure per square inch be divided by the weight 
of a prism of the gas, one inch square and one foot high, 
the quotient is the height in feet of the equivalent column 
of gas, from which the velocity of flow is to be calculated. 
The velocity so calculated applies to the discharge of the gas 
into a vacuum. But, in ordinary circumstances, a counter- 
pressure exists, being the pressure of the medium into 
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which the gas is discharged ; and the value of the counter- 
pressure is to be deducted from the total pressure, when the 
difference — the nett pressure — is the pressure from which 
the head or height of the column is to be calculated. The 
head is expressed by the formula, 



/ 



A= 



P-P 



d 

in which h is the head or height of tne column, p and p' are 
the total pressures per square inch of the gas and the medium 
into which it flows, and d is the density or weight of a prism 
of the gas one inch square and one foot high. 

The application of the formula for gravity is, however, 
limited to cases in which the resisting pressure does not 
exceed about 58 per cent, of the absolute pressure which 
causes the flow. The flow, is neither increased nor dimin- 
ished by reducing the resisting pressure below about 58 
per cent of the absolute pressure in the boiler. For example, 
the same weight of steam would flow from a boiler under a 
total pressure of 100 lbs. per square inch, into steam of 58 lbs. 
t.otal pressure, as into the atmosphere.* In conformity with 
these views, according to the '* Report on Safety- Valves," 
taking the pressure of the atmosphere equal to 14*7 lbs. per 
square inch, and the initial pressure at not less than 25*37 lbs. 
total, the velocity of discharge into the atmosphere, computed 
as for the volume of steam of the initial density, through the 
best form of orifice, is found by employing the coeflScient 
3*5953 in the formula for gravity : thus 

V = 3*5953 v/a7 or 
V = 3*5953 

* For this remarkable discovery it appears that we are chiefly in- 
debted to the experiments made by Mr. H. D. Napier, the results of 
which were published by him in 1866. For further consideration and 
analysis of this apparent suspension of the laws of motion, see the 
^ Report on Safety- Valves," presented to the Institution of Engineers 
and Shipbuilders in Scotland, 1874. 




224 STEAM AND THE STEAM-ENGINE. 

The following are a few examples, compated by means of 
the formula, of the velocity of efflux of steam of absolute pres- 
sures, varying from 2537 lbs. to 100 lbs. per square inch, 
into the atmosphere ; the velocity being calculated as for 
steam of the initial density, unexpanded : — 

Total PreBRire. Velocity of Efflux. 

25*37 lbs. per square inch 863 feet per second 



wv 


ft 


tf 


OVf 




»» 


45 


ft 


91 


877 




If 


60 


»» 


n 


885 




>» 


75 


ft 


M 


891 




>i 


100 


n 


f* 


898 




»> 



It remains to be stated that the outflowing steam, as it 
approaches and enters the narrowest section of the jet, ex- 
pands from 1 to 1*624 time the initial volume, and that, 
therefore, the actual velocities with which the steam, as ex- 
panded, passes the throat of the orifice are 1*624 time the 
velocities computed by the formula. 

Velocities thus calculated, in terms of simple pressure and 
density, are of course greater than are arrived at in practice, 
as there are sundry hindrances to the flow of steam in steam- 
engines. There is, however, ample margin, and in well- 
constructed engines the speed of the actual flow of steam, 
though much below what it would attain if the flow were free, 
is, nevertheless, sufficiently rapid for the proper performance 
of the steam in passing into and passing out of the engine. 

To reduce as much as possible the effects of contraction 
and friction in retarding the flow of steam, it is necessary to 
observe the following precautions : — 1st, to reduce as much 
as possible the lengths, and increase the sectional areas, of the 
pipes and passages through which the steam is to pass; 
2nd, to avoid sudden changes of direction and of section ; 
3rd, to obtain the steam as dry as possible. 



CHAPTER XIV. 

STEAH BOILERS. 

De^nitions. — The shell of a boiler, as the name signifies, is 
the outer part of iron. It may be spherical, cylindrical, or 
flat in figure, or a combination of these forms. The steani' 
chest, or dome, on the upper side of the boiler, is a reservoir 
whence the steam is drawn, to supply the engine, by the 
steam-pipe, which is fitted with a stop-valve. The furnace, or 
fireplace, is the chamber in which the fuel is burnt for the 
production of heat ; when within the shell, as an envelope, it 
is called the fire^hox. The fiues, or conduits for the pro- 
ducts of combustion, are either external to the shell, or 
ihey consist of internal cylindrical metal flues of small 
diameter, about four inches or less, and in numbers. 
Such circular flues are cbMq^ flue'tvbes, and they con- 
fititute a multitubular flue. The flue -tubes are fixed at the 
ends into tube^plates. The man-hole is the entrance to the 
boiler for inspection, <&c. Mud-holes are placed at or near 
the bottom, for the discharge of sediment and for washing out 
the boiler. The water is Fcpplied by the feed-apparatus ; its 
level is indicated by a float. The boiler is emptied by the 
hhw'Off cock ; the surface of the water is cleared by the 
scum-cock Brine-pumps may be used instead of hlow-ojf 
cocks, to draw off the brine from marine boilers. Sedim^ent-coU 
lectors receive the solid impurities in the water. Surplus 
steam escapes by the safety-valves, Vojcuum-valves admit air 
into the boiler, when the pressure is less than that of the 
atmosphere. Fusible plugs are inserted in the crown of the 

Q 
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furnace, or fireplace, which are melted and give vent to the 
steam when the pressure and temperature in the boiler be- 
come excessive and dangerous. The jpressure-gauge indicates 
the pressure. The water-gauge shows the level of the water : 
it may be a glass tube or it may be gauge-cocks. The boiler- 
is strengthened by stai/s, which may consist of rods, bolts, or 
gussets. The boiler is covered with clothing or cleading. 
The firegrate carries the fuel, and consists of Jire-bars, /ur^ 
naee-bars, or grate-bars, supported by cross bearers or bar* 
frames. The mouthpiece is the entrance to the furnace, and 
rests on the deadplate, which is the sole of the entrance ; 
the fire-door is fitted to and hung to the mouthpiece or to 
ihQ famace-front, which is applied to ordinary flue boilers, 
being of cast iron, fastened to the boiler. 

The waggon-boiler of Watt, which has already been illus- 
trated and described (pages 52 — 56), was an exceedingly effec- 
tive boiler, well suited for steam of low pressures not exceeding 
7 lbs. per square inch above the atmosphere. In form it is, 
moreover, essentially weak, since the centrifugal pressure of 
the steam, equal in all directions, is very unequally resisted 
by the variously formed parts of the waggon-boiler. The 
cylindrical form is the only permanent or self-maintaining 
form ; and for any deviation from the circular section, stay 
rods, or brackets, are necessarily applied to counteract the 
constant tendency of an irregular surface to expand into a 
cylindrical or a globular form. 

The waggon -boiler, therefore, has gone down before the 
advancing requirement for steam of higher pressure, and has 
become nearly extinct. The cylindro-spherical or egg-end 
boiler was introduced to meet the requirements for higher 
pressure. Being simply a cylinder with spherical ends, the 
use of stays was avoided, as great strength and permanency 
of form were obtained without any other metal than the shell 
of the boiler itself. It is laid with its axis nearly horizontal, 
and below it at one end is placed the fire ; and the whole is 
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encloeed id brick, by which aku are the flaes which couduct the 
flame and hot gases round the boiler. The Same traverses 
the bottom of the boiler, beating directly npon its under hori- 
contal surface, till it reaches the end farthest from the fire. 
The flame and hot air then, in some examples, retnrn along 
one side of the cylinder, conducted by a flue, and, passing 
round in front of the end which is over the fire, traverses the 
other side towards the chimney, which it enters after having 
thus traversed the length of the tioiler three times, and 
applied its heat successively to every point of thecytiudei 



Eig. 9».— Cylisdiiml Boiler. Sectdon. 

that is covered with water. This boiler is useful where 
economy of room is not important ; bat it contains much 
water, requires much heat to raise its temperature after being 
cooled at night, and is very bulky. It is employed mostly 
at collieries. 

The spherical boiler, which antedates the waggon-holler 
and the cylindrical boiler, need only be mentioned now; and 
the«3 three boilers may be denominated the simple boilers. 
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But some hundreds of boilers have been invented for different 
purposes, almost all of them to save either bulk, weight, or 
fuel. For these purposes, one great object of improvements 
in boilers has been to increase as much as possible the extent 
of heating surface without increasing the general dimensions. 
Boulton and Watt inserted a longitudinal flue in the middle 
of their waggon -boiler, so that after the flame had passed 
along the bottom of the boiler to the farther end, it returned 
through the flue in the middle of the water to the front, and 
then made an entire circuit of the outside of the boiler before 
entering the chimney. Internal flues have similarly been 
placed in egg-ended cylindrical boilers. 

Still more to centralise and economize the heat, which was 
radiated more or less from the mass of brickwork surround- 
ing the external furnace, the furnace with the fire was placed 
in the inside of the boiler. Trevithick constructed a cylin- 
drical boiler with flat ends, into which he inserted a large 
flue-tube from end to end ; in one end of the flue-tube he 
erected the fireplace, and thus the first of the heat, which is 
nlso the most intense and the most efficient for evaporation, 

w^as wholly discharged upon the 
evaporating surface of the boiler. 
The type of boiler thus originated 
by Trevithick — a cylindrical boiler 
with flat ends and a single flue — is 
known as the Cornish boiler, repre- 
sented by Fig. 100, and is exclu- 
sively employed for the service of 
pumping-engines in Cornwall, and 
similar engines elsewhere ; it is also 
employed for miscellaneous service on land. The Cornish 
boiler is made of various dimensions, varying from 5 ft. to 
7 ft. 6 in. in diameter and from 20 ft. to 30 ft. in length. The 
fireplaces and inside flues are made as one tube from end to end, 
from 3 ft. to 4 ft. in diameter. The fireplace is within one end 




Fig. 100.— Cornish Boiler. 
Section through Furnace. 
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of the fine, whure tlie gralo is eonetmcted of the full width 
of the flue, and with a length uaually about one and a half 
times the width. The flame is, or ought to be, conducted 
from the flue under the boiler, and theoce by the side flues. 
The boiler is set in brickwork, shown in Bcctton in the 
fignres. The Cornish hoilers at the East London Water- 
works are, for the 90-in, cylinder pnmping-engine, three in 
nnmber, 6 ft. 6 in. ia diameter, 34 ft. long, with a 4 ft. flue 
and grates 6 ft. long. They consume 4'2 lbs. of small 
Webh coal per scinare foot of grate per hour, and they 



Fig. tOl. IjmaiEbije Boiler, Plan. 

evaporate 50 cubic feet of water per hour, or 10 lbs. from 
103° Fah. per pound of coal, or two-tliirds of a cubic foot 
persqnare foot of grate per honr. The working pressure of 
steam is 35 lbs. above the atmosphere. 

The Lancnshire boiler. Figs. 101 and 102, was iutroduced 
subsequently to the Cornish 
boilers, and, as its name im- 
plies, it is employed almost 
exuluBivelyin Lanonshire and 
tlie north. It consists, like 
the Cornish boiler, of a 
cylindrical shell with flat . 

ends, but has two thorough Tie- wa.-l*n».w™Bo>i«. b«u«.. 
flues, from end to end, In which two fireplaces are 
arranged; necessarily less in width individually then the 
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single fireplace of the Oornish boiler, though together o! 
greater width, and therefore affording a greater breadth 
of fire-roora. The Lancashire or donble-flae boiler is 
made from 7 ft. to 8 ft. in diameter, and in exceptional 
instances 9 ft. or 10 ft. in diameter, with a length of from 
28 ft. to 32 ft. The flae-tnbes vary, according to the dia- 
meter of the boilers, from 2 ft. 3 in. to 3 ft. 9 in. The most 
common diameter of shell is 7 ft., with 9 ft. 9 in. fines. 







IMtMflMIMM 





Fig. 1 «~The o'alloway Steam-Boiler. 

The Galloway boiler, Fig. 103, is the third form of flne- 
boiler in extensive use. It is made with a large oval flue 
within the boiler, having a nnmber of vertical conical water- 
passages uniting the top and bottom of the flue, so that a 
free circulation of water is maintained, and a considerable 
addition to the heating surface is effected. There are two 
furnaces placed in the short flues in front, as in the Lanca- 
shire boiler, which are united at the inner ends, where they 
are connected to the single oval fine. 

In all of these horizontal -flue boilers, the products of com- 
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bustion pass direct from the fireplaces through the internal 
fiues^ and pass, or ought to pass, under the boiler to the front, 
where the current is split, and return by the side flues to 
the far end, whence they escape to the chimney. On this 
system the length of the boiler is traversed three times, 
making a length of current, in contact with a boiler 30 ft. 
long, equal to 90 ft. The two fireplaces of the Lancashire 
and the Galloway boilers are charged with fuel alternately, 
from which practice two good results follow : first, that the 
general temperature of the products of combustion is more 
nearly uniform than when they proceed from a single fire- 
place ; and, second, that the process of combustion is ren- 
dered more nearly complete by the intermixture, of the fresh 
gases driven off from coal newly charged into one furnace 
with the hotter and simpler gases delivered from the other 
furnace in which the fuel has attained to a state of incandes- 
cence. It may be remarked, further, that the upright water- 
tubes in the flue of the Galloway boiler break up and inter- 
mingle the gaseous products from the two fireplaces in their 
passage through the oval flue. 

The French boiler {chavdiere d houiUeurs) — a boiler in 
common use in France — known also as the elephant boiler 
(Fig. 104), consists of a plain cylindrical body and one or 
more " boilers " (bouilleurs), or large tubes 
of smaller diameter than the body of the 
boiler ; these are placed near the furnace, 
and connected to the body by tubes. In 
this design of boiler the circulation of 
the water and steam requires to be specially 
provided for, and this is secured by intro- 
ducing the feed-water, through the con- ^ io4.-Eiephant 
necting tubes at one end, to the lower toiler. Section, 
boilers, the effect of which is that the steam formed in 
them escapes and ascends by the connecting tubes at the 
other end. The upper part of the lower boilers are protected 
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by firebricks against the beat, .which might otherwise over- 
heat them, seeing that there is always a certain accumulation 
of steam in them. The French boiler has never made a 
footing in England. 

Though the inside flue and furnace are generally acknow- 
ledged to act superiorly to the ordinary under furnace ap- 
plied to the egg-end cylindrical boiler, the egg-end boiler with 
its external fire is, nevertheless, in extensive use. It is a 
favourite at collieries and elsewhere, where skilled attendance 
is scarce ; it holds a large and compact mass of water, and 
admits of considerable fluctuations of level of water without 
incurring the danger of overheating by uncovering the por- 
tions of the boiler exposed to the heat of the flues. In these 
respects the under-fired flaeless boiler does not demand the 
same degree of attention and management as flued boilers, 
which hold a smaller body of water, and are more liable to 
accident by collapse of the flue by overheating, arising from 
lowness of water. The danger of accident by such collapse 
is, however, entirely obviated by the application of stiffening 
rings of angle-iron to the outside of the flue-tube, at short 
intervals apart. 

Hone'povoer and Evaporative Performance of Flue-BoiIers, 

A Lancashire boiler, 6^^ ft. in diameter, 24 ft. in length, 
evaporates, in ordinary, 50 cubic feet of water per hour. 
Taking the product of the diameter and the length as a 
measure of power, it is 6J x 24 = 166 square feet, or 3*12 
square feet of horizontal section per cubic foot of water per 
hour. The heating surface is 610 square feet, or 12*2 square 
feet per cubic foot. The grate -area is, say, 25 square feet, 
or i square foot per cubic foot of water per hour. 

The nominal horse-power of a flue boiler, either Cornish 
or Lancashire, is usually reckoned at the rate of from 5^ to 
6 square feet of horizontal section, 15 square feet of heating 
surface, and one square foot of grate-area per nominal horse- 



STEAM BOILERS. 233 

power. An evaporation of one cubic foot of water per hour 
has also been reckoned as the measure of a nominal horse- 
power by evaporation. These measures of nominal horse- 
power are not quite consistent with each other, but the 
whole system of measurement is in its nature elastic. It is 
known, besides, that a boiler of the above dimensions can 
evaporate, under favourable circumstances, more than 60 
cubic feet per hour. It is known, further, that the actual or 
indicated horse-power realised from the steam by the instm- 
jnentality of the engine may amount to from two to three or 
even four times the nominal power. 

The evaporative efficiency of such a boiler varies very 
much according to the care and skill with which it is fired, 
as well as the quality of the fuel. Eight pounds of water 
supplied at 62° Fah. may be evaporated per pound of coal ; 
or only 7 pounds may be evaporated. On the contrary, 
under the best management, not only may the evaporative 
performance of such a boiler be increased to 80 cubic feet of 
water per hour, but 9 pounds of water supplied at 62° Fah. 
may be evaporated by one pound of coal. The quantity of 
coal consumed varies from 16 to 20 pounds per square foot 
of grate per hour. 

Multitubular Boilers. 

A form of boiler with internal flues of a mixed character, 
was introduced by the late Sir William Fairbairn, having 
the double flue in conjunction with the multitubular system, 
and known as the multitubular boiler. Those which were 
made for the Saltaire Works, near Bradford, had the shell 
21 ft. long and 7 ft. in diameter. The fire, generated in tlie 
fire-tubes, which are 2 ft. 6 in. in diameter, passes into the 
mixing-ch«.mber, that the air may be mixed with the flame 
and smoke, for the sake of perfecting the combustion ; 
thence the products of combustion pass onwards through 
109 small tubes, 3 inch^ in diameter^ within and at the 
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farther end of the boiler, and descend into the brickwork 
flues beneath the boiler. 

A compact form of maltitnbular boiler is constructed by 
Messrs. Cater and Walker, London, resembling in general 
arrangement the multitubular marine boiler. The boiler is 
in general section rectangular, and the lower part is occupied 
by the furnace, from which the products of combustion pass 
into a chamber at the back, and thence return through a 
multitubular flue over the furnace into a smoke-box, from 
which they pass into the chimney. This form of boiler is in 
considerable use in London, where space is limited, and 
compactness essential. 

But the multitubular boiler, for stationary purposes, is 
most commonly upright in its arrangement; that is, the 
shell, which is cylindrical, is placed with its axis vertically. 
Within the lower part is the furnace and ash-pit, surrounded 
by water ; and immediately over the furnace the flue- tubes 
are placed, through which the products of combustion pass 
direct from the furnace and into the chimney. The upright 
is the most compact of all boilers. 

It is usually reckoned that i square foot of grate, and 25 
square feet of heating surface, are the proper allowances per 
nominal horse-power for multitubular boilers. These allow- 
ances are larger than for ordinary flue-boilers, because the 
heating surface in the gross is considered to be less efficient 
for evaporation, by the square foot, than that of Cornish or 
Lancashire boilers. The direct upward draft, though it 
quickens combustion and excites a high temperature, is 
wasteful, inasmuch as the heat is too rapidly conveyed, and 
much of it is carried away into the chimney. Expedients 
for detaining or deflecting the upward current are, there- 
fore, found to operate with advantage in economizing fuel, 
by causing the absorption of a greater quantity of the heat 
produced. The same useful effect is obtained by providing 
means for the regular and rapid circulation of the water 
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within the boiler, canging it awiftly to traverse the heated 
plates, through which the heat is traDsmitted ; and then b; 
disengaging and removing the steam as it is formed, main- 
taining a stratum of comparatively " solid " or ftee water tn 
contact with the metal, for the more rapid absorption of the 
heat. 

The " Field " boiler, the invention of Mr, Edward Field 
is so constrncted as to 
effect the desiderated cir- 
culation to a remarliablo 
degree. An nprigbt boiler 
on this system is shown. 
Fig. 105. A number of 
small tubes, 2| inches 
in diameter, are let into 
and through the roof of 
the furnace, to which they 
are fixed, and from which 
they depend, into the 
atmosphere of the farnace, 
where they are exposed to 
the full force of the heat. 
Their lower ends are 
dosed, and their upper 
ends are open to tlie in- 
terior of the boiler, from 
which they are kept full 
of water. A tube of 

smaller diameter is in-' j,^. ,06.-The Hdd Boiler, 

sorted into each of the 

pendant tubes, reaching nearly to, but not touching, the 
bottom, whilst the upper end of the smaller tube rises above 
the orifice of the outer tnbe. By this means the steam 
which is formed on the surface of the outer tube rises into 
the annular steam space between the tubes, and a fresh supply 
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of water is condacted through the inner tube and deliyered 
into the enter tnbe at the bottom, throngh which it rises to 
take the place of the displaced steam. Thns a circniation of 
exireme rapidity U set np, and so effective is it understood to 
be for promoting evaporation that, it is said, six square feet 
of the heating surface of the Field boiler are capable of 
evaporating one cubic foot of water per hour. Tliese circu- 
lating lubes have also been 
applied to the flues of ordinary 
boilers, Ttiey are extensively 
used in the conetrnction of 
fire-engines. 

The " nozzle -boiler," con- 

stmcted by the Reading Iron 

Works, Fig. 106, consists of 

two parts, — tba fire-I>ox, 

which is circnlar, and the 

tube-chamber, which is sqnare 

in plan, and is traversed by 

rows of tubes, 2f inches in 

diameter outside, set hori- 

sontaUy at right angles to 

each other. At the ends of 

the tnbes, nozzles or circnla- 

tors of cast iron are fixed, the 

nozzles at one end being 

turned downwards, and those 

at the other upwards, so that 

the steam, as it is generated 

' in the tubes, rushes out 

Fig, m. The NoBae-Boiiec. through the Upturned nozzles, 

and water rushes in to supply its place, through the down- 

turned nozzles, A prompt circulation of water and steam, 

conducing to economy of fuel and quick production of steam. 

is thus effected. According to the results of trials made by 
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the manufacturers with a five-horse-power nozzle -boiler, with 
4 square feet of grate-area and 72 square feet of heating 
surface, upwards of 11 cubic feet of water was evaporated 
from 65° Fahr. per hour, with a consumption of 88 lbs. of 
coal per hour, showing an evaporation of 8 lbs. of water at 
65° Fahr. per pound of fuel— equivalent to 92 lbs. of water 
at 212° Fahr. per pound of coal. The performance of the 
nozzle -boiler confirms the advantages of two things — the 
horizontal tube-surface and rapid circulation within the 
boiler. 

There are other kinds of vertical boilers which have been 
designed, in dififerent ways, for the purpose of increasing the 
evaporative power and efficiency as compared with ordinary 
multitubular vertical boilers. 

Strength of Steam- Boilers, 

The strength of boilers is dependent upon the tensile 
strength of the material of which they are constructed. The 
following are the average ultimate tensile strengths of boiler- 
plate of different kinds, — that is to say, the weights required 
to tear the material asunder per square inch of section : — 

Torkshire iron plates, best quality . 
Staffordshire „ „ 

American „ „ 

„ „ ordinary 

Cast-steel plates .... 



. 25 tons 


. 20 


tf 


. 31 


»» 


. 27 


»> 


. 40 


»» 



At the joinings of boiler-plates the strength is less than 
on the untouched body of the plate. Taking the tensile 
strength of the solid plate, of any material, at 100, the rela- 
tive strengths of the different kinds of joints of boiler-plates 
are as follows : — 

The solid plate 100 

Scarf- welded joint • 100 

Bouhle-riveted double-welt joint ... 80 

Double-riveted lap-joint 72 
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Lap-welded joint 66 

Double-riveted smgle-welt joint ... 66 

Single-riveted lap-joint .... 60 



These proportionB may be taken as correct for plates not ex* 
ceeding J inch in thickness. For thicker plates the relative 
strengths are smaller, and, in some cases, thicker plates are 
positively weaker at joints — ^particularly lap-joints — than 
thinner plates. 

The safe or ** working " strength, or the limit within which 
the plate-work of boilers may be strained without incurring 
the risk of being overstrained or crippled, is usually reckoned 
at from one-fifth to one-sixth of the ultimate or breaking 
strength. 

To calculate the safe strength of a cylindrical boiler, 
take a boiler G feet in diameter, made of Staffordshire plates 
I in. thick. The united thickness of two opposite sides of 
the boiler is | X 2 = f inch, and there is f square inch of 
Bcctional area of metal to resist the strain on one inch length 
of the boiler. Now the breaking strength of Staffordshire 
plate is 20 tons per square inch, equivalent to 15 tons on 
I square inch ; it follows that the breaking strength of the solid 
plate of the boiler is 15 tons per inch run. To find what 
pressure of steam will produce this ultimate stress of 15 tons, 
or 33,600 lbs., it is to be divided by the interior diameter 
of the boiler in inches : thus — 

33,600 -*- 72 = 467 lbs. per square inch 

is the pressure of steam which would exert a pressure equal 
to the breaking strength of the solid metal. Taking one- 
sixth of this ultimate pressure for the safe working pressure, 

467 -f- 6 = 78 lbs. per square inch 

is the limit of safe working pressure. But, inasmuch as the 
strength of a boiler, as of any other structure, is simply 
that of the weakest part, the nature of the joints fixes the 
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real limit of the safe working pressure, and 78 lbs. per 
square inch is therefore to be reduced in the ratio of the 
relative strengths, as follows : — 

Tor a Boiler of Staffordshire Flate^ 6 fL in diameter, ^the inch thick* 

The solid plate . . . .78 lbs. per square inch. 

Scarf-welded joint . . .78 

Douhle-riveted double-welded joint 62 

Double-riveted lap-joint . .56 

Lap-welded joint . . . .52 

Double-riveted single-welded joint 51 

Single-riveted lap-joint . . 47 



» 

it 
tf 



Ordinary Working Pressure in Steam Boilers. 

Very few boilers are worked at pressures less than 15 lbs. 
per square inch above the atmosphere. About half the 
stationary boilers in Lancashire and Yorkshire are worked 
at pressures varying from 45 lbs. to 60 lbs. per square inch, 
and several are worked at pressures of from 60 lbs. to 75 lbs. 
per square inch above the atmosphere. 

The boilers of portable engines are worked at 80 lbs. per 
square inch above the atmosphere, and one mannfacturer 
works at 120 lbs. per square inch. 



CHAPTER XV. 

SECTIONAL STEAM-BOILERS. 

Beotional boilers — boilers which are constracted of a 
number of email parts, semi-iudependent, united together — 
were designed and tried many years ago. They consist 
usually of tubes of small diameter, 12 inches or less, con- 
taining water and steam, and surrounded by the fire and 
heat from the furnace. The earliest of such ** water-tube ** 
boilers appear to have been that of Blakey, in 1756, Fig. 33, 
page 41, ante. The chief motive for the introduction of 
sectional boilers, in recent years, has been the increasing use 
of steam of very high pressure, for stationary purposes, of 
from 50 lbs. to 100 lbs. per square inch ; taken in connection 
with the frequency of explosions of steam-boilers of the 
ordinary large-shell forms. By the substitution of multiples 
of a small unit — a tube — for one large unit — a shell — it is 
considered that failures by explosions are less likely to 
happen, and that the consequences of explosions, when they 
do happen, are much less dangerous and destructive. 

Mr. Martin Benson introduced his high-pressure sectional 
steam-boiler in England in 1859-61. It had been at work 
in America since 1857. It consisted entirely of wrought- 
iron tubes, arranged in a series of horizontal rows over the 
fire, of which the lower tubes were li inch in diameter for 
the lowest third of the height of the boiler, the next third 
were IJ inch, and the uppermost third If inch. The furnace 
was 6 feet square in plan, and the tubes were connected at 
the ends by semicircular unions, so that continuous currents 
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of water and aleam passed from the lower ends to the upper 
SDile, traversing the furnace several times horizontally. The 
circulation of the water wbb effected mechanically by means 
of a. circulating pump ; thas, in a simple and ensy manner, 
eight or ten times the quantity of water was supplied to and 
forced through the twiler, that was required for generating 
steam ; . the cfiicicncy of the heating surface was maintaiaed, 
the steam cleared away when formed, and incrustation, to a 
great extent, prevented from lodging on the insides of the 
tuhea. The tubes were only | inch in thickness. Tlie 
regular working pressure was from 150 lbs. to 200 lbs. per 
square inch. With 460 square feet of heating surface, about 
60 cubic feet of water was evaporated per hour, of which 
5| lbs. was evaporatedper pound of coal — Staffordshire slack. 
The speciality of Benson's boiler was the appUcation of 
mechanical power for circulating the water through the 
boiler. Tiioagh the tubes were easily renewed when 
required, it seems to have been felt that a dependence upon 
special mechanical means for effecting the circulation of the 
water in the boiler was ol^ectionable, and inventora of 
sectional boilers 
have sought, by 
other arrange • 
meuts, to effect 
the necessary 
circulation of 
the water by a 
self-acting 
movement. 

The best known 
sectional boiler 

is probably that 

of Messrs. Flf.ior. Eonra'i Bectloiul BoOer. 

Howard, of Bedford, of which a sectional elevation is given 
in Fig. 107. The boiler is composed of wrought-iron tubes, 
9 in. in diameter externally, these tubes being connected 
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together in gronps, and being placed at a Blight inclination ; 
the tubes of each group lie one over the other, and they are 
connected together at both ends. Each tube has a cast-iron 
cap or chamber fixed to it at each end, the chambers at each 
end being united by a through bolt from top to bottom. 
The chambers are provided with doors, one opposite the end 
of each tube, thus affording facilities for inspecting the tubes. 
In this boiler there is neither welding, screwing, nor 
riveting, whilst the whole of the interior is readily exposed 
to view and cleaned out. The whole is set in and 
covered in by brickwork, with a fire-grate under the lower 
ends of the tubes. The steam is led off from the higher ends 
of the tubes into a condensing pipe or steam-drum. By 
means of horizontal fire-brick partitions, the current of 
flame and heated gases from the furnace is conducted to 
the back of the furnace, where it rises into the middle portion 
of the boiler, and is conducted horizontally towards the front 
and again returned through the upper part of the chamber 
towards the back, and is then conducted by a downward flue 
to the chimney. The uppermost tubes in the collection 
contain only steam, which, being exposed to the passing 
gases, is dried and, to some extent, superheated before it 
passes away to the drum. 

A 60 H.P. Howard boiler consists of six sections of six 
tubes each — in all 36 tubes. Each tube is 12 feet long, 9 
inches in diameter externally, and iV inch thick. The tubes 
are tested, as plain tubes, to a pressure of from 500 lbs. to 
700 lbs. per square inch ; and the boiler is tested, when put 
together, to a pressure of 300 lbs. per square inch. With 
35 square feet of grate area, the boiler contains 825 square 
feet of water-heating surface and 305 square feet of steam- 
superheating surface: — together, 1,130 square feet. The 
boiler is capable of evaporating 60 cubic feet of water, 
and, according to the results of trials carefully made at 
Barrow-in-Furness, 9^ lbs. of w^ater was evaporated per 
pound of '* duff," or unscreened small coal. 



CHAPTER XVI. 

STEAM-ENGINES. 

Definitions, — The steam is led to the engine through the 
iteam-pipe from the boiler, in which the stop-valve is placed ; 
also the throUle'Valve, or regulator, for adjusting the supply 
of steam ; the supply being controlled by the governor. 
The steam is admitted into the ci/Under, where it acts on the 
piston, through steam-passages, iteam-ways, or nozzles, the 
entrances to which are called the ports, opened and closed by 
induction and edtiction valves, or by a single silide-vdlve, in 
the valve-chest. The waste steam is discharged from the 
cylinder, through the exhau^ pipe, into the condenser, where 
it is condensed ; or into the atmosphere, if there be not a 
condenser, by a blast-pipe in locomotives. The cylinder - 
cover has a stuffing-hox to pass the piston-rod, A grease-cock, 
or lubricator, is connected to the cylinder, or to one of its 
covers, for the lubrication of the piston. An escape-valve, 
held by a spring, may be placed at each end of the cylinder, 
or blow-through or cylinder-cocks, for the escape of water 
collected in the cylinder. The cylinder is sometimes cased 
in A jacket filled with steam ; and the cylinder and the jacket 
are covered with clothing or deading. In land engines, the 
injedion-waJter is supplied from the cold well surrounding the 
condenser, which is filled by the cold-water pumps. In the 
surfojce-condenser, the steam is condensed within or without 
tubes or other passages, cooled by water on the other side. 
The blow-through valves connect the cylinder with the con- 
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denser and the mifting valves through which air is driven by 
steam from the cylinder and condenser before the engine 
begins to work. The pressure in the condenser is measured 
by the vacuuni'gauge. Residual steam, air, and water are 
exhausted from the condenser by the air-pump, and dis- 
charged into the Jiot welly from which the boiler is supplied 
with water. The crosshead of the piston-rod is guided 
by a paraHel-motion, to move in a straight line. The 
parallel-motion may consist of radius rods or of guide bars. 
In oscillating engines, the cylinders oscillate on trunnions. The 
reciprocations of the piston are either transmitted through a 
beam and a connecting-rod to the crank and the crank-shaft, 
for double-acting rotation engines ; or there may not be a 
beam, and the crosshead is pinned direct to the connecting rod, 
forming a direct-action engine. The fij-wheel on the crank- 
shaft equalises the motion. The mechanism to work the 
valves is the valve-gear or vaUve-motion. 

A pair of engines are duplicate engines working together 
on the same shaft. A compound engine has two or three 
compound or compounded cylinders working to the same 
shaft, the steam from the first cylinder being exhausted into 
the second, or into the second and third cylinders, and thence 
to the condenser. An intermediate receiver, or reservoir, in 
some compound engines receives and stores the steam 
exhausted from the first cylinder, to be admitted to the 
second cylinder. 

Classification of Steam-engines, — Irrespective of the uses 
to which engines are applied, they are distinguished into the 
two great classes, condensing engines and non-condensing 
engines; the former exhausting the used steam into an , 
artificial atmosphere of very low pressure ; the latter ex- 
hausting the steam into the natural atmosphere, of which 
the resisting pressure is 14*7 lbs. per square inch. The con* 
densing engine is more efficient in the production of power 
from fuel than the non-condensing engine ; but this has the 
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advantage of greater simplicity and comparative fewness of 
parts. 

There is another classification, based on the uses to 
which engines are applied : 1st, stationary engines, placed in 
permanent situations, for driving factory machinery, pump- 
ing water, <fec. ; 2nd, portable engines placed on wheels, or 
transportable from one place to another, for temporary service 
as stationary engines ; 3rd, traction-engines^ for self-movement 
and for drawing loads on common roads; 4th, locomotive 
engines, for drawing loaded carriages and waggons on rail- 
ways ; 5th, marine engines, for propelling vessels on water. 
The first three classes are those to which attention will be 
directed in the following pages. 

It may be added that steam power is applied in many 
special forms, as for driving piles, for steam-hammers, Bteam- 
pnmpfl, <fcc. 



CHAPTER XVII. 

THE DISTRIBUTION AND ACTION OF STEAM IN THE 
CYLINDER OF STEAM-ENGINES. 

In the cylinder of the steam-engine the force of steam is 
exerted for the performance of work. Steam is conducted 
directly from the boiler in the condition of maximum density 
for the pressure and temperature at which it is generated, 
and delivered to the cylinder. Steam operates in the 
cylinder in a twofold manner. First, it is admitted, with a 
greater or less degree of freedom, from the boiler into the 
cylinder, during a portion of the stroke of the piston, follow- 
ing the piston, and exerting pressure upon it. When the 
communication from the boiler to the cylinder is cut ofiF, and 
the supply of steam thus arrested, the quantity of steam 
enclosed within the cylinder continues, though isolated, to 
press upon the piston, and it follows and acts on it to the end 
of the stroke, or at least so far towards the end of the stroke 
as the steam continues to be shut up in the cylinder. 

Here there is a twofold action. First the steam is pas- 
sively pushed into the cylinder, as if it were an elastic 
block or a liquid, being merely a medium for the transmis- 
sion of the elastic force or pressure, originating in the boiler, 
to the piston ; other steam being at the same time generated 
and supplying the place of the steam so pushed out. Secondly, 
it is " worked expansively " upon the piston, whilst it is shut 
up with it. The energy of the steam, or, strictly speaking, 
that of the equivalent quantity of steam generated in the 
boiler, is in part utilised in following the piston, direct from 
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the boiler, and is further utilised in virtue of the inherent 
elasticity of the isolated steam iu the cylinder. The whole 
process is essentially one of expansive action, as the steam 
admitted direct from the boiler flows into the cylinder in 
virtue of the expansive force of the steam already generated 
and being generated, the boiler constituting the fulcrum or 
basis ; then the process is continued on a more limited scale 
within the cylinder, after the steam is cut off, the steam con« 
tinning, in virtue of its own elastic force, its expansive action 
against the piston, when the end of the cylinder constitutes 
the fulcrum. For the sake of easy reference, the work done 
in the cylinder during the admission of steam from the 
boiler will be ascribed to and assumed to be performed by 
the steam itself actually admitted. 

The difiference of the conditions of the pressure or elastic 
force during the two periods, that of admission and that of 
expansion, is usually made apparent in the indications of the 
internal pressure in the cylinder, supplied 'by the indicator, 
by means of which the pressure throughout the stroke is 
observed and registered. But in certain conditions the dis- 
tinction disappears, and the steady uniform pressure with 
which the entering steam should take its place in the cylin- 
der merges frequently in the descending pressure charac- 
teristic of simply expanding steam. This descending pres- 
sure, when indicated while yet the communication between 
the boiler and the cylinder is open, is the result of what is 
expressively called a " wire-drawing " of the steam, the flow 
of steam into the cylinder being partially arrested at the 
"port," or entrance, by the valve or slide when nearly 
closed, and the current being thus *' wire-drawn " into steam 
of reduced density and pressure. 

But the steam having been got into the cylinder, and 
having done its appointed work, is to be got out again ; and 
its discharge should be completed by the time the piston has 
completed the stroke. It is discharged either into the 
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natural atmosphere, opposing a resistance equal to 14*7 lbs. 
per square inch, or, in round numbers, 15 lbs. per square 
inch ; or into the artificial atmosphere of the condenser, 
opposing a resistance of about 1 lb. per square inch, less or 
more, according to the excellence of the means of condensa- 
tion. The piaton of an engine, in fact, works between two 
pressures, and continues in motion, or has a tendency to do 
so, as long as the pressure in the boiler is greater than that 
in the condenser, or, more exactly, in the exhaust passage ; 
and when steam is very greatly expanded in a condensing 
engine, a low pressure in the condenser is no less necessary 
than a high pressure in the boiler. If all losses and difficul- 
ties incidental to, and perhaps in some degree inseparable 
from, the use of steam of very high pressure be neglected, 
then it must be maintained that the highest pressure in the 
boiler, coupled with the lowest pressure in the condenser, 
would give the highest duty for a given quantity of heat, 
provided the steam is expanded in the cylinder from the 
greater pressure down to, or nearly down to, the lower 
pressure. 

The term '' vacuum/' it may be remarked, is liable to a 
double interpretation, signifying either the absolute pressure 
in the condenser or the difference between this and the 
atmospheric pressure. Now, in questions affecting the 
quantity of work of steam and its efficiency in the steam- 
engine, there are the total pressures respectively in the two 
separate vessels which require to be considered ; that is to 
say, the initial pressure in the cylinder, and the total pres- 
sure in the condenser, into which the exhausted steam is pro- 
pelled by the superior pressure on the other face of the 
piston. If the pressure of the atmosphere were 10 lbs, or 
30 lbs. in place of 14*7 lbs. per square inch, as it is, it would 
not at all affect the action of a condensing engine further 
than slightly diminishing or increasing the force required to 
work the air-pump, and causing a greater or less weight to 
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be placed upon the safety-valve in order to obtain the bame 
total pressure in the boiler. When the mercury in an 
ordinary barometer is observed to stand at a height of 30 
inches, and the mercury in another tube communicating 
with the condenser of a steam-engine at a height of 5 inches, 
instead of describing the conditions of the case as represent- 
ing a vacuum of 25 inches of mercury, it would afford a 
clearer conception of the matter to consider that the total 
pressure in the condenser is equal to 5 inches of mercury, 
while the total pressure in the boiler is equal to 80 inches of 
mercury plus the load on the safety-valve. In short, the 
operations of a condensing engine are practically independent 
of the incidental variations of atmospheric pressure. 

Again, the operations of a non-condensing engine, ex- 
hausting into the atmosphere, are referable to the atmospheric 
pressure, as it affords the datum or base-line to which the 
expansive and exhaust pressures should be approximated 
and below which the former should not, and the latter can- 
not, be extended. It is usual, therefore, in dealing with 
non-condensing engines, to designate the pressure of steam 
by the difference or excess of its pressure above that of the 
atmosphere — namely, 14*7 lbs. absolute pressure per square 
inch ; this absolute pressure being adopted for the zero of the 
non-condensing scale. The round number, 15 lbs., is occa- 
sionally assumed. 

In describing the cycle of events known as the " distribu- 
tion,** or the ordering of the steam admitted to, and subse- 
quently discharged from, the cylinder, it should be noted, by 
way of recapitulation — speaking of engines as ordinarily 
formed — that with the cylinder is associated the valve -chest, 
into which the steam from the boiler enters previously to its 
passing into the cylinder — an anteroom where the steam 
waits in readiness to enter the cylinder when admitted. The 
form and position of the chest or chamber varies indefinitely 
with the design of the engine. From this chest three pass- 
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ages are formed, one leading to each end of the cylinder, 
and the third passage leading to the condenser, or to the 
atmosphere, or otherwise, for the exit of the steam from the 
cylinder. The orifices of these three passages, or thorongh- 
fares, are known as ports, and are usually brought together 
and placed parallel, terminating in a flat surface on the side 
of the cylinder on which the valve reciprocates. The func- 
tion of the valve is to distribute the steam, for which pur- 
pose it is impressed with a simple reciprocating motion, by 
which it alternately covers and uncovers each port leading to 
the cylinder, admitting the steam from the chest, suppress- 
ing or cutting it off, and ultimately releasing it from the 
cylinder by opening a means of exit by the third port alr<!ady 
mentioned. The reciprocating motion of the valve is 
derived from an eccentric, in the simpler forms of mechanism 
fixed on the driving axle, and revolving with k. The linear 
motion derived to the valve from the eccentric is, on a smaller 
scale, exactly similar to that of the piston in connection with 
the crank 

That the steam may gain admission to the interior of the 
cylinder at the commencement of each stroke, the eccentric is 
so set on the axle, in advance of the crank, as to have the 
valve moved sufficiently aside at that juncture that the steam 
port may be uncovered by a small amount known as " lead *' 
at the beginning of the stroke. When the piston has de- 
scribed a portion of the stroke, the valve returns in obedience 
to the return of the eccentric, and closes the port, thereby 
shutting off the further supply of steam to the cylinder behind 
the advancing piston, and confining what has been admitted 
during an additional portion of the stroke. As the valve 
continues in its retrograde motion, it uncovers the steam port 
on the inside, while the piston is still some distance from the 
end of the stroke, and opens the way out of the cylinder for 
the steam within, from which accordingly it emerges, and 
rushes into the condenser or the atmosphere. This external 
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commnnication continnes open, not only to the end of the 
"steam -stroke," through which the course of the piston has 
been traced, but also during the greater part of the " return- 
stroke," while the steam from the valve-chest acts on the 
other face of the piston. Shortly before the completion of 
the return-stroke, the valve, in the regular course of the 
motion prescribed for it by the eccentric, closes the port to the 
atmosphere, and, finally, at a very small distance from the 
end of the return-stroke the port is again opened, and the 
valve obtains the necessary lead in timely preparation for the 
entrance of steam from the valve-chest before the commence- 
ment of the next steam-stroke, and the development of the 
full steam -pressure on the piston for another cycle of duty. 

The periodical and contemporaneous operations of the 
piston, the valve, and the steam, just described, for one end 
of the cylinder and one face of the piston, take place inde- 
pendently for the other face of the piston ; so that two per- 
formances are proceeding together in one cylinder, and the 
engine is thence denominated double-acting. Four distinct 
events take place in consecutive order with respect to each 
end of the cylinder : first, the admission of the steam at, or 
just before, the beginning of the stroke ; second, the sup- 
pression of the steam ; third, the release or exhaust of the 
steam ; and, finally, the lock-up, or compression, of the ex- 
haust steam, prior to the opening of the port for admission. 
These four events together constitute the ** distribution " for 
the cylinder ; and their durations, measured in parts of the 
stroke, are the " periods of the distribution." By aid of the 
indicator, which, as its name implies, is a sort of stethoscope 
for the observation of what transpires within the cylinder— 
a simple instrument for receiving and registering the tension 
of the steam — a minute and accurate picture of the opera- 
tions within is transferred by pencil to paper, affording 
valuable and, indeed, indispensable data for the measure* 
men t of the power and efficiency of the steam in the cylinder. 
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But, before proceeding with this part of the inquiry, the 
movement of the piston relative to that of the crank, as well 
as the movement and action of the slide-valve in its relation 
to that of the piston, had better be explained by the process 
of geometrical illastration. 

Gemndrical Illustration of the Movement of the Piston 

relative to that of the Crank, 

The piston acts upon and keeps pace with the crank for 
every stroke, through the medium of the connecting-rod, 
and it will have been seen that the varying angularity of the 
connecting-rod influences the movement of the piston in such 
a manner that the piston moves more slowly during one half 
of the stroke — that which is next the crank — than during the 
other. With an indefinitely long connecting-rod, of which 
the angularity is inconsiderable, the relation of the motion of 
the crank and the piston is represented by the annexed 

diagram, in which a c is the stroke 
of tiie piston, and ah c the half-revo- 
lution of the crank-pin simultaneously 
described. Let the path of the crank- 
pin be divided into equal parts at the 
points 1, 2, 3, 4, and draw verticals 
from the points of division to the 
'^eios. ,i„e „ ^. then, as the angular speed 

\)i the crank is uniform, and the divisions of the circular 
path a ft c are equal, the line a c will be divided by the 
perpendiculars already drawn into segments representing 
spaces describe! by the piston in equal times, and there 
fore also the varying average velocity of the piston in the 
same spaces. Whence it is obvious that the speed of the 
piston, during one stroke, begins and ends at nothing at the 
extreme or dead points, a, c ; that it accelerates towards &, 
the position at half-stroke, when it reaches a maximum, and 
that beyond this point it is retarded till it gains the end of 
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its strobe. The two halves of the stroke arc described in 
eqnal times, and in these halves the variation of the velocity 
of the piston are exact counterparts. 

When tlie connecting-rod is in this discussion sup. 
posed to be indefinitely long, it is so snpposed for the 
occasion, as an equivalent for the supposition that the 
piston keeps pace exactly with the movement of the crank- 
pin in the direction of the centre line of the engine, betn-een 
one end of the stroke and the other. 

The obliquity of the connecting-rod destroys the eym- 
metry above observed. In a stroke of the piston there are 
three cardinal pointa — the commencement, the middle, and 
the termination of the stroke. According to the preceding 
diagram, these three points are arrived at by the piston 
simultaneously with the horizontal and vertical positions of 
the crank. But the angularity of the connecting-rod at 
half-stroke of the piston virtually shortens its length, and 
the crank-pin ie by aa much short of its midway position. As 




the crank-pin is presumed to move with a uniform angular 
velocity, it follows that the piston describes the two halves of 
its stroke with different average volocities, and in unequal 
times. In an engine, for example, with a stroke of 
24 inches, having the crank 1 foot, and the connecting- 
rod 5 feet, long, or five times the length of the crauk, 
it is found from the annexed diagram of the relative 
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positions of the piston and the crank that, at half-stroke 
of the piston, the connecting-rod a h falls short of the ver- 
tical centre line of the crank by the amount o r. Dividing 
the stroke of the piston into three equal parts, the connecting- 
rod being in the relative positions c c7, e/, the distances of the 
points dy /, from the centre line are os,ot, respectively aboat 
3 inches and 5 inches. The corresponding angular positions 
of the crank are, for the half-stroke of the piston, 6° with the 
vertical ; and for the one-thirds of the stroke respectively 14° 
and 24i«>. The sum of 14° and 24^°, or 38^°, is the angular 
motion of the crank during the middle third of the stroke, 
and the complements of those, 76° and 65°, are the angular 
motions for the extreme thirds. The average speeds of the 
piston, therefore, in describing the successive thirds of its 
stroke in the direction a c, are inversely as 76, 384-, 65i, or 
directly as 1, 2, ri6, nearly ; and the two halves of the whole 
stroke are described with average speeds inversely as 96° to 
84, or directly as 7 to 8. The shorter the connecting-rod, 
the greater is the irregularity so introduced into the motion 
of the i)iston. The general effect, therefore, of the connect- 
ing-rod on the motion of the piston is, that the piston arrives 
sooner at the positions which it would occupy if the con- 
necting-rod were " indefinitely " long at all points through- 
out the front stroke, which is described towards the crank ; 
and that throughout the back stroke the piston is in the 
same degree behind the positions which it would occupy for 
all positions of the crank if the connecting-rod were in- 
definitely long. 

Motion and Action of the Slide-valve in relation to the 

Motion of the Piston. 

As the path of the crank-pin is represented by a circle, 
and the stroke of the piston by a straight line equal to 'the 
diameter of that circle, so also the path of the eccentric is 
represented by a circle, and the travel of the slide-valve by a 
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Btraight line equal to the diameter of the eccentric circle ; 
assaming, for the sake of illustration, that the valve is actu- 
ated in direct connection with the eccentric. If, then, two 
circles be described on a common centre c, Fig. 110, for the 
crank path and the eccentric path respectively, their dia- 
meters A B, a 6, are the stroke of the piston and the travel of 




Fig. IIOl 



the valve. When the piston is at one end of the stroke, at 
A', the valve is opening the port at a', and is just as much 
in advance of its middle position over the ports as is needed 
to draw the lap clear off the edge of the port at a, in addi- 
tion to the lead or opening of the port at the beginning of 
the stroke. The position of the eccentric, then (repre- 
sented by its own revolving centre), must be at the point a', 
which is in advance of its position at half- throw, in the line 
D E, by as much as the lap plus the lead. As the axle re- 
volves, the valve is further opened by the retiring eccentric 
till it falls into the line A £, when the crank is getting on 
to half-throw. When the crank has attained to half- throw, 
in the position c D, the eccentric is on its way returning, 
and the motion of the valve is reversed on the wav to close 
the port. The port is actually closed some time before the 
valve and the eccentric return to their midway position — 
the former over the ports; and the latter in ihe line c E — 
in virtue of the lap on the valve. Further, when the valve 
and the eccentric do arrive at their middle positions, half- 
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travel and half-throw, the edge of the cavity of the valve 
coincidea with the inner edge of the steam port, and the 
opening of the port to the exhanst passage, through the 
medium of the cavity, is forthwith established by the pro- 
gressive motion of the valve. All that has jast been de- 
scribed of the operation of the eccentric on the valve is 
effected before the crank completes a half-revolution — ^that 
is, before the crank-pin arrives at the point B, and, con- 
sequently, completes its stroke. The valve, indeed, makes 
another change before this : it opens the other port at h' for 
the other end of the cylinder, the lap having been com- 
pletely withdrawn, and an additional movement for the lead 
effected just as the stroke is completed. 

The successive positions occupied by the valve during a 
revolution of the crank may be graphically represented as in 
Fig. Ill, where A B and a 6, being the circles of the crank 




and the eccentric respectively, are divided into any equal 
number of parts, of which the points A, a', are respectively 
the positions of the crank and the eccentric at the beginning 
of the stroke ; the other points B, h\ D, d^ E, c', show the 
simultaneous positions of the crank and eccentric at intervals 
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of one-fonrth of a revolution. Draw the lines e,/, g, h, i, k, 
parallel to the centre line A B, spaced apart at intervals 
equal to the exhaust and steam ports, and the intervening 
bridges ; e f and % h being the steam-ports, and g h the ex- 
haust port. Place the valve on the perpendicular at A, in 
the right position with respect to the parallels e, f, k, for 
the commencement of the stroke, showing the requisite lead 
at F, and set o£f its position on the face of the diagram 
according with the position of the crank. The elliptic lines, 
traced so as to connect these positions, represent the linear 
motion of the valve relative to the ports and to the crank, 
and with the aid of a little shading they clearly show the 
successive periods and changes of the distribution, subject of 
course to correction for the angularity of the connecting-rod. 
The shaded space, G, shows the period of admission, ter« 
minating at^'; and the shaded space, H, the period of ex- 
haustion, commencing at h\ The shaded space, I, shows the 
exhaustion for the alternate end of the cylinder, K the com- 
pression, and L the short period of pre-admission of steam 
for the following stroke. 

On the same system, diagrams of motion may be con- 
structed for any proportions or other species of valve, whether 
double or superposed valves, conical valves moved by cams, 
or with conditions otherwise varied. The liuk-motion, as 
a variable-expansion gear, operates by varying the travel 
of the valve, the extra expansion, and diminished period of 
admission, being affected by the shortening of the travel ; 
the result being precisely the same as if an eccentric of cor- 
respondingly smaller throw were substituted for an eccentrio 
of greater throw. 



CHAPTER XVIII. 

STEAM-INDIOATOR. 

The Bteam-indicator is an instrument for measuring and 
regiatering the pressure of the steam working in the interior 
of a steam-cylinder ; and it contains two motions for these 
purposes respectively. For the purpose of measuring the 
pressure, a small piston is movable in a small cylinder, one 
end of which is in direct communication with one end of the 
interior of the steam-cylinder, the other end of the small 
cylinder of the instrument being open to the atmosphere. 
The piston of the instrument is attached by the medium of 
its spindle to a helical spring which surrounds the spindle, 
the other end of the spring being fixed to the cylinder ; and 
when exposed to the pressure of the steam in the steam- 
cylinder, the piston of the instrument rises in proportion to 
the pressure, or, on the contrary, it falls below the level of 
atmospheric pressure in proportion to the degree of vacuum. 
For the purpose of registering the pressure measured in 
the way just described, a small sheet of paper is lapped and 
clamped round a brass cylinder which turns on a fixed pivot, 
parallel to the spindle of the piston. It is pulled round in 
one direction by a cord connected with the crosshead of the 
steam-cylinder, through a lever for reducing the length of 
traverse of the steam -piston to a length suitable for a reci- 
procation of the paper-cylinder. For the return stroke, the 
cylinder is pulled back the reverse way, by a flat spring 
coiled within it ; and thus a reciprocating circular movement 
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of the paper-cylinder is effected, by which the surface of the 
paper is impressed with a reciprocating movement similar, 
in miniature, to that of the steam-piston. To register the 
pressure on the paper, a pencil attached to the spindle of the 
helical spring is turned upon the surface of the paper, and 
marks all the variations of pressure that take place in the 
steam-cylinder, on one face of the piston, throughout the 
course of a double stroke. In McNaught's indicator, the 
piston is fully f inch in diameter, having an area of i square 
inch ; the tension of the helical spring, for high pressures, 
increases at the rate of 40 lbs. per square inch to the inch of 
rise ; for low pressure, and the measurement of vacuum, the 
tension is at the rate of 20 lbs. per square inch pressure per 
inch of rise or fall. 

Richard's indicator was designed to obviate the objection 
to most other indicators when applied to engines moving at 
high speeds, namely, the excessive weight of the recipro- 
cating parts, which, by their momentum, disturb the action 
of the pencil, and to a certain extent vitiate the diagram. 
McNaught's indicator is to some extent open to this 
objection ; but, whilst it is to be desired that an indicator 
should describe precisely the degree of pressure as well as 
the variations of pressure in the cylinder, it must be added 
that the figures described by McNaught's indicator are 
susceptible of being reduced to the normal form, the dis- 
turbance being eliminated from them. In Eichard's indi- 
cator, the weight of the moving parts is reduced as much as 
possible ; a short spring is used, and the range is multiplied 
by a lever, which is formed with another lever into a parallel 
motion, to carry the pencil in a straight line. The pencil is, 
in fact, a pointed brass wire, which marks on prepared 
metallic paper, and is lighter, stronger, and more durable 
than black-lead pencils. A common pin with a blunt point 
makes a good line. 



CHAPTER XIX. 

GENERAL ACCOUNT OF THE ACTION OF STEAM IN THE 
CYLINDER AS REPRESENTED BY THE INDICATOR- 
DIAGRAM. 

The action of steam is developed in its most simple form 
in the non-condensing engine, in which the question of the 
vacuum has no part ; and the editor will, therefore, proceed 
with a summary of his experimental investigations of the 
behaviour and condition of steam in non -condensing engines 
chiefly of the locomotive class, first published by him, in 
1851, in "Railway Machinery," and subsequently in the 
article " Steam-Engine *' in the eighth edition of the ** En- 
cyclopsedia Britannica." Since the first publication of these 
investigations, comprising an experimental demonstration, by 
the author, of the great loss by condensation of steam in the 
cylinder when attempted to be worked expAnsively, — then 
demonstrated, he believes, for the first time, — the subject has 
been frequently revived. The editor's conclusions have 
been variously confirmed, and the necessity for the steam- 
jacket, or equivalent means of maintaining, or contributing 
to maintain, the expanding steam at a suitable temperature 
is now generally acknowledged. 

In illustration of the function and utility of the indicator, 
by means of which most of the editor's observations were 
conducted, examples of indicator-diagrams, obtained by him 
from one of the cylinders of a locomotive, are ilhistrated iu 
Fig. 112. 
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The base line A B is the line of atmospheric pressure, and 
represents the stroke of the piston ; and the rectangular 
space above it may be supposed to be the interior of the 
cylinder. The heavily lined figure is a diagram of the 
indicated action of the steam, when the piston moved in the 
cylinder at an average slow speed of 40 feet per minute, and 
shows by its angularity how the steam is controlled by the 
valve, and the precise points of the stroke at which the 
changes of the distribution take place. The piston is repre« 
sented as having started from the right-hand end of the 
cylinder, under a uniform pressure of 61 lbs. steam above the 
atmosphere, traced from the upper right«hand corner, till it 
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reaches the point of suppression. The admission being 
terminated, the period of expansion is commenced ; the 
pressure declines as the piston advances before the expand- 
ing steam, and continues to do so till the piston reaches the 
point of release. At this point, the piston enters on its 
third and last stage of progress, toward the end of the steam - 
stroke ; the steam, primarily admitted at 61 lbs. above the 
atmosphere, and attenuated to 23 lbs. pressure previously to 
being released, quickly discharges itself into the atmosphere, 
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in virtue of its remaining elasticity, and is entirely evacuated 
before the end of the stroke, as indicated by the quick and 
total decline of the steam-line during the period of exhaust 
towards the point B. The evacuation is, however, only 
relative, not absolute, as steam of atmospheric pressure 
remains in the cylinder, though not obviously sensible in the 
indicator-diagram ; during the return-stroke, therefore, the 
valve ought to maintain the exhausted end of the cylinder 
continuously open, to allow the steam of one atmosphere of 
pressure to escape before the returning piston. The benefit of 
this provision is proved by the diagram, in which it appears 
that during the continuation of the exhaust the steam of 
latent pressure remains at the zero-point of the scale ; at the 
instant of closing or compression, however, when there is no 
longer an exit for the latent steam before the piston, the 
diagram-line slopes upwards towards the right-hand side, 
and the steam is compressed against the end of the cylinder. 
While the volume of the compressed steam is being thus 
forcibly reduced, the density is increased; the pressure is 
raised, until the accumulation of back pressure so induced is 
merged in the superior pressure of the steam admitted by 
anticipation, during the small remainder of the return -stroke 
marked a, for the business of the next steam -stroke. 

Tlie behaviour of the steam in the cylinder may thus, with 
the aid of the indicator-diagram, the different sections of 
which are distinctly marked, be clearly traced through the 
cycle of changes. The period of admission, in the example 
just described, is, it appears, about one-third of the whole 
stroke ; that of expansion is something more, and a simple 
inspection of the diagram shows that, in this instance, one- 
half of the work of the steam is performed by simple expan- 
sion while shut up in the cylinder. Even the period of 
exhaust supplies its quota of effect, inasmuch as the evacua- 
tion is a work of time, and the extra positive pressure so 
yielded is represented by the small triangular space between 
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the point of release and the end of the stroke at B. The 
force developed by compression is properly designated re- 
sistance, as it is opposed to the motion of the piston, and 
must be classed with the slight opposition also made by the 
entering steam daring its pre-admission at a for the steam- 
stroke. 

But the important inquiry remains. How is the behaviour 
of the steam affected by the speed of the piston ? If the 
piston move slowly, there is plenty of time for the steam to 
go through its mechanical duties. While the steam is 
admitted, it follows up the piston at full pressure ; while the 
exhaust is open, it thoroughly evacuates itself. But, at 
higher speeds, the time for each evolution is proportionally 
shortened ; and it remains to be considered in what way this 
acceleration of work is discharged. The dotted-line diagram 
(Fig. 112) illustrates the behaviour of the steam in the same 
cylinder, under the altered circumstance of a higher speed of 
piston, averaging 310 feet per minute, other circumstances 
being the same. The steam enters at an initial pressure of 
62 lbs. per square inch, but suffers a slight reduction of 
pressure as the piston recedes before it — a circumstance 
which may at once be attributed to the accelerating speed of 
the piston in the cylinder specifically due to the nature of 
the crank-motion, and the consequently greater difficulty of 
following it. The reduction, however, is not considerable, 
and it is only when the piston nears the point of suppression, 
and the port is nearly closed by the valve, that the pressure 
rapidly falls in the diagram towards the supprepsion-line. 
This is a case of simple wire-drawing, as the opening of the 
port, previously wide enough to admit all the steam that 
could find its way into the cylinder against the frictional 
resistance and bends of the passage, is now reduced to a 
minimum width consistent with this condition, and a further 
contraction and final closing necessarily occasion an accele- 
rated fall of the pressure. The pressure at the instant of 
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fiuppression, or cut-off, under these circumstances, is 54 ll«. 
above the atmosphere. The curve descends during the 
period of expansion, and cuts the line of release at a pressure 
of 19 lbs., and on reaching the end of the stroke it attains a 
minimum of 2 lbs. of pressure per square inch. The curve of 
expansion, it appears, runs into those of the admission and the 
exhaust, without any of the abruptness which distinguishes 
the slow diagram; the fact being that expansion, technically so 
called, had begun before the steam was nominally cut off— a 
result implied in wire-drawing; and there was, therefore, 
not the same liability to sudden change of pressure on enter- 
ing the period devoted to expansion. At the termination of 
the period of expansion, the curve crosses the exhaust line 
nearly at right angles, and barely reaches the minimum 
pressure when it arrives at the termination of the stroke. 

The comparative delay so evinced in the accomplishment 
of the exhaust is plainly a consequence of the shorter time 
allowed for this purpose in consequence of the greater speed 
of the piston ; and, accordingly, one perceives a material 
accession to the area of the diagram, or the useful effect of 
the steam, in the very circumstance that it exhausts less 
freely. On the other hand, a drawback on this additional 
effect exists in the sustained back pressure of 2 lbs. per square 
inch, as indicated during the return-stroke, referable to the 
same cause — imperfect exhaustion. The exhaust-line runs 
into the compression -line with a slight bend ; and it is 
observable that, before the pre-admission of steam for the 
next stroke takes place, the compressed steam attains to a 
higher pressure than that found by the slow diagram — a 
circumstance to be explained by the greater delay in the rise 
of pressure at the lower speed, caused by greater condensa- 
tion of steam in the cylinder. But, though the curve of 
high speed is in advance of that of the low speed at the 
instant of admission of fresh steam, it falls behind at the com- 
mencement of the stroke. At this point the pressure dora 
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not get beyond 51 lbs. above the atmospbere, and only attains 
tbe maximum, 62 lbs., wben tbe piston bas described two and 
a half per cent, of the steam-stroke. Tliis deficiency is 
attributable chiefly to the shortness of time allowed for the 
re-establbhment of the working pressure, and indicates, in this 
instance, the need for more lead of the valve. 

The Action of Steam in the Cylinder during Admission. 

In the flow of steam from the boiler to the cylinder, it 
meets with hindrances to its passage which usually operate to 
cause a considerable reduction of pressure when it reaches 
the cylinder, even if all the passages be thrown wide open. 
The actual charge of steam transmitted through an irregular 
passage of considerable length, and of a given sectional area, 
is, in all cases, less than what can be passed through an 
aperture of a very short length, as, for example, an aperture in 
a thin plate of the same sectional area, owing to the bends 
and lateral friction of the long passage. It therefore frequently 
happens .that the opening of the port allowed by the valve, 
though it may be much less than the total area of the port, 
is sufficiently large to pass all the steam that can force its 
way along the passage. This fact is constantly exemplified 
in practice : it is known that the opening of the port beyond 
a certain amount, which is in all cases less than the area of 
the port itself, ceases to be advantageous in facilitating the 
passage of the steam into the cylinder. Similarly, the 
opening of the regulator, or " throttle-valve," beyond a 
small fraction of the sectional area of the steam -pipe, does 
not add to the available pressure at the valve -chest. When 
the steam is not dry, containing water in suspension, the 
labour of moving in passages is greatly increased, owing to 
the quantity of dead, inelastic weight to be dragged along ; 
and the reduction of pressure is consequently much more 
than with dry steam. 
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Directing attentioD, for the present, to the behaviour of 
ateani within the cylinder, it is to be premised that, not- 
withstanding the objection that has been urged against the 
ordinary slide-valve, worked by an eccentric motion — the 
want of sufficient celerity of action — ^thero is no material wire- 
drawing of the steam by the closing valve when the period 
of admission exceeds two-thirds of the stroke, unless at very 
high speeds of piston, exceeding from 500 to 600 feet pei 
minute. When the steam is cut ofif at shorter periods, how- 
ever, the travel of the valve being less, and therefore, also, its 
velocity of motion, the wire-drawing increases at high speeds, 
though at low speeds it does not. For example, the indicator- 
diagrams (Figs. 113, 114) were taken from a locomotive- 




Figs. 118, 114. 

cylinder 18 inches diameter, 24 inches stroke ; steam-ports 
13 by 2 inches ; exhaust port 13 by 3^ inches ; lap of valve 
outside 1 J inch ; inside iV inch. Each figure shows three 
diagrams for periods of admission, respectively 16, llf, 
and 7 inches of the stroke, the terminations of which, and of 
the expansions, are pointed off on the figures. For the first 
figure, the speed of piston was 240 feet per minute ; for the 
second, 770 feet per minute. The wire-drawing at the 
lower speed was obviously nothing ; at the higher speed, the 
pressure fell 3 lbs., 12 lbs., and 25 lbs. below the initial pres- 
sure, before the steam was cut off, doubtless explained by 
the fact that, in the three cases, the travel of the valves was 
respectively 4}, 3H, 3-rV inches; and the maximum open- 
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mg of the port was Ish, iJ nearly, and i inch. It was 
found, however, that, in the third case, with the shortest 
admission, the steam-line was practically straight and 
piirallel to the atmospheric line, at speeds of piston up to 
450 feet per minute. In inferiorly arranged engines, with 
short lap and short travel of valve, wire-drawing is con- 
siderably greater than in the example just illustrated. With 
the same sizes of cylinders, a f inch lap wire-draws con- 
siderably more than 1 inch lap of valve. 

Long lap, in conjunction with wide ports, red\ices the wire- 
drawing to a minimum. The more dry the steam is, the 
more susceptible it is of apparent wire-drawing as indicated 
in the cylinder, because dry steam enters the cyliifder more 
freely than wet steam, and attains a higher initial pressure. 

As to the quantity of lead of the valve needful to ensure 
ample and timely admission of steam into the cylinder at the 
commencement of the stroke, one-fifth of the length of the 
steam port is sufficient. When the lead is excessive, the 
steam is admitted so readily as to be momentarily compressed, 
and to cause, in some cases, an unfavourable pulsatory action 
of the steam. The total absence of lead likewise occasions 
an unsteady pulsatory action in the cylinder. If lead is 
deficient or wanting, the maximum pressure of steam in the 
cylinder is not attained until after a portion of the stroke is 
traversed by the piston. 

The Action of Steam in the Cylinder during Expansion, 

When steam is admitted into the cylinder while the latter 
is comparatively cold, or colder than the steam, a very 
sensible condensation of the steam takes place during admis- 
sion, in the process of heating the cylinder to the temperature 
of the steam, which continues to a certain extent during the 
period of expansion. A portion of this heat, though but a 
small part, passes off and is lost ; the remainder is retained 



268 8TEAM AND IHE STEAM-ENGINE. 

by the cylinder until it is re-absorbed by the precipitated 
steam, daring the expansion of the remaining steam, if it be 
long enough continued ; that is, until the temperature of the 
latter falls below that of the cylinder. This is a destructive 
process, occasioning an absolute loss of steam ; and the 
amount of steam thus injuriously precipitated, and but 
partially revived, increases rapidly in proportion as the steam 
is earlier cut off, and expansion is extended. In the cylinders 
of ordinary steam-engines the extra consumption and waste 
of steam devoted to the heating of the cylinder in the first 
part of the stroke is above 12 per cent, of the whole steam 
consumed for a period of admission of one-third of the stroke. 
In exposed locomotive-cylinders, the loss is proved to amount 
to nearly 40 per cent, of the whole steam consumed, when 
cut off at one-eighth of the stroke. 

This important species of loss is inseparable from the 
attempt to work steam expansively where there is no pro- 
vision for the heating of the cylinder, and maintaining it at 
a suitably high temperature — equal at least to the initial 
temperature of the steam. The magnitude of the loss is so 
great as to defeat all such attempts at economy of fuel and 
steam by expansive working, and it affords a sufficient ex- 
planation of the fact, in engineering practice, that expansive 
working has been found to be expensive working, and that, 
in many cases, an absolutely greater quantity of fuel has 
been consumed in extended expansive working while less 
power has been actually developed. 

With respect to the ratio of pressure to expansion of 
steam in cylinders, observed in ordinary practice, it may be 
sufficient to remark in this place that the quantity or weight 
of steam in the cylinder is the same throughout the process 
of expansion, estimated in terms of the pressure and the 
volume of steam, as saturated at different points of the stroke, 
when the steam is dry and the temperature of the cylinder is 
properly maintained; and that, consequently, the pressure 
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of expanding ateam in a cylinder, under such circumstances, 
may be determined with sufficient accuracy for any degree 
of expansion, in terms of the ascertained density of saturated 
steam. On the contrary, in cylinders imperfectly heated, 
where the steam is partially precipitated during admission, 
and during the first part of the expansion, the expanding 
pressure at first declines more rapidly than would be due to 
the maintenance of a constant quantity of steam, and after- 
wards less rapidly, rising above the expanding line of pres- 
sure proper for a constant weight of steam — equal to that 
contained in the cylinder at the commencement of expansion. 
This want of conformity is exemplified in a diagram taken 
from an outside-cylinder locomotive, with a stroke of 24 
inches, at a low speed, in which the dotted lines show the 
expansion-curve which would have been described with a 
constant weight of steam. This process of successive con- 
densation and re -evaporation is distinctly 
indicated, for no sooner is the steam cut 
off at A than condensation is made 
visible by the vertical sinking of the 
expansion -curve below the standard or 
normal curve, until tlie temperatures of 
the steam and the material of the Fig. iis. 

cylinder become equal, when, as the 
pressure continues to fall, and the temperature of the steam 
with it, the curve rises and crosses the normal curve at in 
virtue of a partial re- evaporation of the steam previously pre- 
cipitated, caused by the cylinder itself, which, at first colder 
than the steam, and heated by it in the first stage of the 
expansion, becomes then relatively hotter, and partially restores 
the heat of which it had previously robbed the steam. The 
process of restoration of heat goes on to the end of the expan- 
sion, as further proved by the increasing excess of the indicated 
above the normal pressure at the point D, amounting to above 
10 lbs. per square inch at the point of exhaustion. 
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That ihe condensing power of an unprotected cylinder ia 
something very considerable, is rendered very obvious by an 

indicator-diagram^ Fig. 116, taken from 

the same cylinder, in full gear, at a low 

speed, shortly after starting with a 

train. It shows that the pressure could 

not be maintained in the cylinder, as 

condensation in heating the cylinder 

Iff. 116. proceeded faster than steam conld be 

supplied through the opening of the port. Had the cylinder 

been hot, the pressure would have been fully maintained, 

according to the dotted line. 

ThjR Action of Steam in the Cylinder daring Exhaustion. 

In no part of the distribution is the advantage of time 
more apparent than daring the period of exhaust. It is 
plain, by reference to Figs. 113, 114, that the steam does not 
discharge itself instantaneously from the cylinder at tlie point 
of release, as the piston, in all diagrams, has visibly to go some 
distance before the pressure falls to a minimum. In the left- 
hand figure, at the lower speed, the piston moves 3^ inches 
from the point at which the steam is released, to the point 
at which the pressure falls to the atmospheric line. At the 
higher speed the steam only reaches the minimum pressure 
of 2 lbs. when the piston has attained to the end of the 
stroke, through 5 inches of the cylinder. These are elemen- 
tary proofs of the benefit of time for ensuring a good exhaust. 

As the velocity of steam escaping uninterruptedly would 
practically suffice to evacuate the cylinder in good time, to 
prevent the evil of back pressure, there is no doubt that the 
back pressure which does actually arise is owing to the cir- 
cumstantial hindrance of mixed water, strictures, bends, and 
friction. The retarded motion of the piston towards the end 
of the stroke, in virtue of the action of the crank, is pecu- 
liarly favourable for the exhaustion of the steam, as it allows 
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time for its escape before the piston returns upon it. At the 
higher speeds, however, the escaping steam may be over- 
taken and driven before the piston into the atmosphere, should 
its remaining elasticity prove insufficient, and then an 
opposing back pressure is established. The wider the lead 
for the exhaust the less is the back pressure, on account of 
the increased facility for escape. For the usual speeds of 
pistons of stationary engines — from 220 to 300 feet per 
minute — the back pressure is inconsiderable, if the cylinder 
be properly heated and the steam be dry. On the contrary, 
the back pressure is very great when the steam is con- 
densed within the cylinder, or if it be loaded with water by 
priming. 

The evil of condensation in a cylinder, in causing back 
pressure, was clearly proved in the case of a locomotive, into 
the cylinder of which steam was admitted at 80 lbs. pres- 
sure above the atmosphere, cut off at one -sixth of the stroke 
and exhausted at half-stroke. It was so loaded with water 
when discharged that it incurred a back pressure of 12 lbs. 
per square inch in being expelled by the piston, which was 
moving at an average speed of 430 feet per minute. Shortly 
after, when the steam was admitted in a much greater 
volume, through half the stroke, at a speed of piston of 580 
feet per minute, the exhaust pressure only amounted to 
about 2i lbs. per square inch. The cylinder had been pre- 
viously heated by hard work ; the steam was comparatively 
dry ; and the opposing pressure was, 
consequently, almost entirely removed. 

The ordinary effect of the priming of 
muddy water from a locomotive boiler is 
illustrated by Fig. 117, in which are 
shown indicator-diagrams taken from 
the cylinder immediately previous and 
subsequent to blowing-off the boiler, when the water 
had been unusuall}^ impure, at the same speed of piston, 
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about 600 feet per minute. The full line was described 
before, and the dot-line after, the boiler was supplied 
with clean water; and, other circumstances being the 
same, the back pressure fell from 9 lbs. to about 1^ lb. per 
square inch above the atmosphere. In some cases the 
priming of water into the cylinder has been found to reduce 
the effective pressure more than a half. 

Summary of Data as to Back-pressure, — If the steam 
working in steam-engines could escape freely without resist- 
ance, the back pressure would be simply the pressure of the 
atmosphere in non-condensing engines ; and in condensing 
engines it would be the pressure corresponding to the tem- 
perature in the condenser — what Professor Rankine calls the 
" pressure of condensation." The mean back pressure, how- 
ever, always — sometimes considerably — exceeds the pressure 
of condensation. One cause of this, in condensing engines, 
is the presence of air mixed with the steam, which causes 
the pressure in the condenser, and also the back pressure, to 
be greater than the pressure of condensation of the steam. 
The ordinary temperature in the condenser, in proper work- 
ing order, is about 104° Fahr., for which the pressure is 
1*06 lb. per square inch, whilst the actual pressure in the 
best condensers of ordinary engines may be scarcely ever less 
than 2 lbs. on the square inch. The principal cause, how*- 
cver, of increased back pressure is resistance to the escape 
of the steam from the cylinder, amounting to from 1 lb. to 
3 lbs. per inch greater than the pressure in the condenser. 
There is no doubt that, practically, in condensing engines, the 
back pressure increases with the speed of the engine, and also 
with the density of the exhausted steam, and with a reduced 
size of the exhaust ports. In locomotive engines, which are 
non-condensing, the Editor has found that the excess of back 
pressure above the atmospheric pressure varies nearly as the 
square of the speed, as the pressure of the exhaust steam at 
the commencement of the exhaust, and inversely as the 
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square of the area of the orifice of the blast-pipe ; that it is 
less the greater the ratio of expansion ; that it is less the 
longer the time during which the exhaustion of the steam 
lasts ; and that it is increased by the presence of liquid water 
amongst the steam. 
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CHAPTER XX. 



THE WOfiK OF STEAM BY DIRECT PRESStJRE WITHOUT 

EXPANSION. 

Thb fandtions of the cylinder and piston of a steam-engine 
may, sinking details, be illustrated by means of a tall cylinder 
open at the upper end, into which a piston is inserted, with a 
quantity of water in it at the bottom, and a fire applied 
below to convert the water into steam. 

Let A, Fig. 118, be an upright cylinder open at the top, 

and about 13^- inches in diameter 
inside, having a sectional area of 
one square foot. Let P be a piston 
or disc, exactly fitting the cylinder, 
so as to slide up and down in it 
without friction, and at the same 
time to prevent the passage of 
Bteam or air from one side to the 
other. Suppose that there is one 
pound of water at the bottom of the 
vessel, and that the piston rests 
upon it. If a fire be lighted be- 
neath the vessel, so that heat is 
communicated to the water, the 
temperature of the water will be 
raised to 212° Fah. before any 
steam is generated from it, inasmuch as the water is 
subject to the pressure of the atmosphere, transmitted to it 
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through the piston. When the temperature reaches 212% 
the heat of the fire being continued, steam will be formed 
and disengaged under the piston, and, from the commence- 
ment of the formation of steam, the piston will be raised by 
the steam, with its atmospheric load of 14*7 lbs. per square 
inch, amounting to 2,116*8 lbs. on the square foot area of the 
piston. The piston will continue to be raised as water con- 
tinues to be evaporated and steam formed. When the 
wjiole of the water is evaporated, the piston will be raised to 
a height of 26*36 feet above the bottom of the cylinder. 
That is, the pound of water is evaporated into saturated 
steam of atmospheric pressure, and occupies a volume 
equal to 26*36 cubic feet; for, the sectional area of the 
piston being equal to one square foot, and the height to 
which it is raised being 26*36 feet, the capacity or volume 
of the steam is 

1 X 26*36=26*36 cubic feet. 

This is the space described by the piston ; and the work 
done by the steam on the piston — the initial work — consists 
in having lifted a weight of 2,116*8 lbs. through a height of 
26*36 feet. This performance is expressed in foot-pounds 
by the product of the weight into the height through which 
it is lifted, namely, 

2116-8 lbs. X 26-36 feet= 65,799 foot-pounds. 

The initial work done by 1 lb. of atmospheric steam !n 
this example, namely, 55,799 foot-pounds, is equivalent to 
raising a weight of 55,799 lbs. through a height of 1 foot ; 
and, as a unit of heat is equivalent to the raising of 772 lbs. 
1 foot high, the above performance may be expressed in 
units of heat converted into work by dividing 55,799 by 772, 
thus — 

iM^=72*3 units. 
772 

But the experiment may be varioil, by doubling artificially 

the quantity of the pressure on the piston exerted by the 
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atmosphere ; or by doubling the resistance to the ascent of the 

piston, by placing an additional load on the piston as it rests 

on the snrface of the water in the upright cylinder, equal to 

the pressure of the atmosphere. The load will in this way 

be increased to a pressure, in round numbers, of 30 lbs. per 

square inch, of which 14*7 lbs. is atmosphere-pressure and 

15'3 lbs. is the added pressure ; and the total load will be 

equal to 4,320 lbs. on the square foot area of the piston. 

Heat being again applied, the temperature of the water will 

be raised to 250*4'' Fah., and at this point it will become 

stationary; evaporation will commence, and will proceed 

with the continued application of heat, until, as before, the 

whole of the water is evaporated. At this stage, the piston, 

with its load, has been raised to a height of 1346 feet. 

Here it appears that a load slightly more than double the 

atmospheric resistance is raised through a height slightly 

more than half that through which the simple atmospheric 

load was raised ; and the initial work done by 1 lb. of water 

evaporated into saturated steam of a pressure of 30 lbs. per 

square inch is found, as before, by multiplying the total load 

by the height through which it was raised, thus — 

43-20 X 13-46 = 58-147 foot-pounds, 

and the equivalent in units of heat is 

58,147 ...Q ., 
— ^__=:75-3 units. 

772 

Suppose, again, that a double additional load be laid upon 

the piston of the upright cylinder, Fig. 118, making a total 
resistance, including that of the atmosphere, of 45 lbs. per 
square inch, or 6,480 lbs. on the square foot area of the 
piston. If 1 lb. of water be generated into saturated steam 
under this pressure, the piston will be raised to a height 
of 9-18 feet. 

In this case a load slightly more than three times the 
atmospheric resistance is raised through a height which ia 
a little more than a third of the height through which the 
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atmospheric resistance alone was lifted ; and the total work 

done is equal to 

6480 lbs. X 9-18 feet = 69,486 foot-pounds ; 

and the equivalent, in units of heat, is 

59,486 „„i ., 
* = 77' 1 units. 

772 

Dealing now with a load on the piston double the last, or 

approximately six atmospheres, equal to, say, 90 lbs. pressure 

per square inch, or 12,960 lbs. per square foot, the steam 

formed by the evaporation of 1 lb. of water will raise the 

piston to a height of 4*79 feet, which is between a fifth and 

a sixth, or 2-llth8, of the height to which the atmospheric 

resistance alone was removed. But, the work done i« 

12,960 lbs. X 4-79=62,074 foot-pounds, 

to which the equivalent, in units of heat, is 

62,074 Q^ , .^ 
-^ =z 80-4 unite. 

To compare the gross performances of the saturated 
steams generated from 1 lb. of water, in these examples, they 
stand as follows : — 



Resistance. 
Atmofl. 


Freesnre 

of Steam. 

lbs. per eq. in. 


Volume 
of Steam. 
Onbio feet. 


QroBswork 

done. 
Foot-pounds. 


Equivalent Heat 

converted into 

Work done. 

Units. 


1 


14-7 


26-36 


55,799 


72-3 


2 


30 


13*46 


58,147 


75-3 


3 


45 


9-18 


59,486 


77-1 


6 


90 


4-79 


62,079 


80-4 



From this statement, it appears that the volumes occupied 
by the steam generated under increasing pressures are reduced 
nearly in the inverse ratio of the pressures, but not quite so fast ; 
so that, as a result, the products of the pressures by the volume 
or the gross work done by the steam, is nearly the same for 
the different pressures, though it is slightly increased with the 
increase of pressure, and, of course, also the number of units 
of heat converted into work done. In fact, the gross work 
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done against two atmospheres is 4 per cent, more than 
against one ; and against six atmospheres it is 1 1 per cent, 
more. 

But the total heat expended in generating 1 Ih. of 
steam also rises with the pressure, and the proportion of such 
total heat converted into work in the respective cases ahove 
detailed, are as follows, it being assumed that the water is 
supplied to the boiler at 212° Fah. :— 

Total H cat Proportion of Total 

of One Heat converted 

Pressare of Steam* Pound of Steam, into Work (as abore). 

lbs. per eq. in. Units. Units. 

14-7 965-2 72-3 or 7*6 per cent. 

30 976-9 76-3 „ 77 „ 

45 984-2 77-1 „ 78 „ 

90 998-2 80-4 „ 8-0 „ 

showing that the proportion of the total heat converted 
into work rises sensibly, though slightly, with the pressure 
under which the steam is generated. In the above examples, 
the efficiency rises from 7*5 to 8 per cent., and it indicates 
that steam of higher pressure does slightly more work than 
steam of lower pressure, and that about 1-1 3th of the total 
heat consumed is converted into work. 



Useful WorJc done hy the Steam in the foregoing Examplei, 

Though the gross or absolute performance of the steam at 
the different pressures does not greatly vary, yet the useful 
work done, reckoned as over and above that which is con- 
sumed in opposing the atmospheric resistance, increases in 
marked proportions as the pressure is increased. 

The work done by steam generated at atmospheric pres- 
sure was entirely absorbed in opposing the resistance of the 
atmosphere, and no useful work was done. 

In the second instance, the steam raised a load in addition 
to the atmospheric pressure, though it was raised to only half 
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the height to which the piston ascended in the first instance. 
Still it was usefal work ; that is to say, it was work which 
was serviceable — mechanically raising a load. In general 
terms, half the whole work done by the steam was utilised. 
But it will be well to examine more precisely into the dis- 
posal of this work. The atmospheric resistance, 2,110*8 lbs., 
was opposed through a height of 13*46 feet, and the work so 
expended was 

31 16-8 Jbfl. X 13-46 = 28,492 foot-pounds, 

whilst the work expended in raising the additional load of 
15*3 lbs. per square inch, or 2,203*2 lbs. on the square foot of 
the piston, was 

2203*2 lbs. X 13*46 = 29,655 foot-pounds. 
Adding the two portions of work together. 

Useless work opposing the atmosphere 28,492, or 49 per cent. 
Useful work, raising a weight . . . 29,655, or 51 „ 

Total work done . . . 58,147 100 

It is shown, as was before determined, that the whole of the 
work amounted to 58,147 lbs. ; of this a little more than a 
half was useful work. 

With respect to the third example, a double load was 
raised, in addition to the resistance of the atmosphere, through 
a height of about a third of the height in the first instance ; 
and the work was distributed as follows : — 

Foot-pounds. 
Useless work against the atmosphere, 

2116-8 X 9*18 = 19,432, or 33 per cent. 

Useful work, raising a weight, 

4363-2 X 9-18 . = 40,054, or 67 „ 



Total work done . . . 59,486 100 

Here it appears that the total work done is slightly greater 
than in the previous instance, whilst two-thirds of it is use- 
fully applied, and only a third was expended against the 
atmospheric resistance. 
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In the fourth example, a total load of six atmospheres was 
raised through a height of more than one-sixth of the height 
in the first instance, but five-sixths of the work was useful, 
as follows : — 

Fooi-poimda. 
Useless work against the atmosphere, 

2116*8 lbs. X 4-79 .....= 10,141, or 16*3 per cent 

Useful work, raising a weight, 

10,843-2 lbs. X 4-79 . . . . = 61,938, or 83-7 », 

Total work done . . . 62,079 100 

Qenerally, whatever be the load imposed on the piston, a 
dedaction must be made from the total duty, of a quantity 
which is necessary for repelling the atmosphere, in order to 
ascertain the available duty. 

Such are precisely the conditions of a non -condensing 
steam-engine worked without expansion, the steam being 
admitted behind the piston throughout the whole of the 
stroke, and then discharged into the atmosphere. The 
evidence above adduced goes to prove that, other circum- 
stances being the same, the higher the pressure of steam in 
the non-condensing cylinder, the more efficiently is the steam 
worked. 

Efficiency of the HecU applted. 

It was shown (page 278) that from 7^ to 8 per cent., or 
about one-thirteenth of the total heat consumed, is con- 
verted into work. Of this work, again, the proportions 
utilised were foand to be as follows : — 

Press, of steam. Work Utilised, 

lbs. per sq. in. fbot-poimds, or units of heat. 

14*7 nil. nil. 

30 29,655, or 38*4 per cent. =: 3*9 per oent. of total heat. 

45 • 40,054, or 51-9 „ = 5-3 „ „ 

90 51,938, or 67*3 „ = 6-8 „ „ 

Which shows that from four to seven per cent., or from 
l-25th to l-15th of the total heat, is all that is utilised 
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This is, in fact, the efficiency of the steam-engine 
working by the non -expansive, non-condensing process, 
in which steam is admitted for the whole of the stroke. 
Even the calcalation of this fifteenth or twenty-fifth part 19 
based on too favourable an estimate, as applied to such 
engines in their ordinary condition, because there is usually 
an element of loss of steam by partial condensation. The 
above comparative values, however, indicate clearly enough 
that a gain of efficiency is realised by the adoption of a 
higher pressure of steam, acting against the resistance of the 
atmosphere. 

The Work 0/ Steam without Expansion, hut with Condensation, 

After the piston, Fig. 118 (page 274), has been raised 
through the height due to the Volume of steam generated 
against the pressure of the atmosphere, let the steam within 
the cylinder be condensed, and a vacuum be so formed. The 
resistance of the steam to the atmosphere being thus re- 
moved, the piston is free to descend under the atmospheric 
pressure of 2,116*8 lbs., and to raise a weight, B, over a pulley, 
D, equal to the atmospheric pressure, through a height 
equal to the descent of the piston. This additional work, 
obtained by condensing the steam, is equal to the work at 
first expended in repelling the atmosphere ; and the total heat 
converted into work, exemplified at page 278, is utilised. 

Even so, there is only from 1\ to 8 per cent., or about 
one-thirteenth of all the heat given to the boiler in generating 
steam, converted into useful work on the piston. 



CHAPTER XXI. 

THE PERFOEMANCE OF STEAM WORKED 

EXPANSIVELY. 

Steam, in its ordinary condition as saturated steam, though 
it does not rank as a perfect gas, nevertheless acts in the 
cyh'nder of a steam-engine so much to the same effect as 
a perfect gas could do, that its performance may he treated 
in the same way as if it were perfect as a gas. The 
quality in consideration of which a gas is said to he perfect 
is, as has already heen stated, its property of expanding into 
a larger volume in the same proportion inversely as the 
pressure falls, the temperature heing supposed to remain the 
same. Now, though saturated steam does not and cannot 
exactly follow this ratio, seeing that the pressure falls more 
rapidly than the volume increases, yet it is found that the 
work performed by steam by expansion in the cylinder of an 
engine is practically the same as if it acted on the principle 
of a perfect gas. 

With this explanation, the curve described by the pencil 
of an indicator, indicating the falling pressure of dry saturated 
steam expanding behind an advancing piston, is, if not 
exactly, nearly hyperbolic in its nature, or such that the 
products of the pressures at all points of the stroke, multiplied 
by the respective volumes of the steam, are equal to each 
other. 

As a ready means of calculating the work done by steam 
expanded in the cylinder, a table of hyperbolic logarithms is 
given (Table, No. 31). If there be supposed to be no clear- 
ance or lost space, at the end of the cylinder, then let the total 
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work done by steam, daring its admission into the cylinder, 
be represented by 1 ; the additional work done by expand- 
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ing the steam to the end of the stroke is represented by the 
hyperbolic logarithm of the ratio of expansion. The ratio 
of expansion is, if there be no clearance, expressed by the 
quotient obtained by dividing the length of the stroke by the 
period of admission. Adding the two quantities together, 
namely, the expressions for the work done during admission 
and that done during expansion, then the whole work done 
in one stroke is represented proportionally by 

1 + hyp. log. ratio of expansion. 

This expression shows the whole work done during admis- 
sion to the cylinder, as well as during expansion for the 
remainder of the stroke, supposing the work done in admis- 
sion is represented by 1. And, to find the total actual work 
done in any particular example, this expression has to be 
multiplied by the actual work done during admission. 
Suppose the cylinder to be 2 feet in diameter, with 5 feet of 
stroke, without clearance, and that steam of 50 lbs. pressure 
per square inch above the atmosphere is admitted on the 
piston daring 15 inches of the stroke. The area of the 
piston is, by ordinary tables, 452*4 square inches ; and this 
area, multiplied by 50 lbs. per square inch, gives 

452-4 X 50 = 22,620 pounds 

as the whole of the pressure on the piston. The product of 
the whole pressure by the length in feet of that portion of 
the stroke during which the steam is admitted, expresses the 
total work done during admission, in foot-pounds, thus — 
22,620 lbs. X 1-25 feet = 28,275 foot-pounds. 
Now the ratio of expansion is, 

1-25 
that is to say, the steam is expanded four times, and the 
hyperbolic logarithms of 4 is, by the Table No. 31, 1'386 ; 
so that 

1 + hyp. log. 4=1 + l-386=2-386. 
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Finally, the product of 28,275 foot-pounds by 2-386, or 

28,275 X 2-386 = 67,464 foot-pounds, 

is the total work of the stroke, effected by the admission 
Initially for a fourth of the stroke. It is to be observed that 
the work done by the steam initially has been increased to 
more than 2J times its amount by the simple act of expansion 
after the steam from the boiler ceased to flow into the 
cylinder. 

The data for arriving at the comparative effects of ex- 
pansive working may be otherwise obtained in terms of mean 
pressure. For this and for other data useful in calculations, 
connected with the work of steam in steam-engines, a 
useful Table, No. 32, compiled by Mr. David Thomson, is 
here given. It was communicated in an excellent paper on 
compound engines, read by him before the London Associa- 
tion of Foremen Engineers, in September, 1873. 

To obtain the correct result by calculation of the effects 
of steam worked expansively in steam-engines, the amount 
of the clearance at each end of the cylinder should be taken 
into oonsideratioQ, 
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TABLE No. XXXn. 

8t$am tporked ilxpantively, 
Tablb op Mean and Initiai. Fbbssurks in thb Cylinder. On thi 

6UI-P08ITI0N THAT THB FbESSURBS ARB INYER8ELT AS THE YoLTJMES. 



Fomte of\j\oiwr»Mi m 




Mean 


Initial 


Cut-off in 

fraotiona 

of the 


F.YpAnRion 

or nnmbei 

of times 


Hyperbolic 

Logarithms 

oithe 


Pressures 
during the 
Stroke, the 


Pressures 
in Cylin- 
der, the 


stroke, 
reckoned 


the steam 
ifl 


D^ri^es 


initial pref: 
sures be- 


meanpres- 
sures be- 


from the 
beginning. 


IB 

expanded. 


Expression. 


ing taken 
as 1. 


ing taken 
as 1. 


J . 


1.^ 


•2876 


•966 


1-036 


1^* 


\} 


•3506 


•949 


1054 


i 


U 


•4055 


•937 


1-067 


A 


li 


•5108 


-904 


1-106 


i 


2 


•6931 


-846 


M82 


A 


2i 


•9163 


-766 


1306 


i 


3 


1-0986 


•669 


1^495 


VV 


3i 


1-2040 


•661 


1-513 


i 


4 


1-3863 


•596 


1-678 


1% 


5 


1-6094 


•522 


1-916 


i^ 


6 


1-7918 


•465 


2-160 


 


7 


1-9459 


•421 


2-376 


* 


8 


2-0796 


•385 


2-598 


i 


9 


2-1972 


•355 


2^817 


A- 


10 


2-3025 


•330 


3-030 


Vr 


11 


2-3979 


•309 


3-236 


A- 


12 


2-4849 


•293 


3-448 


iV 


13 


2-5649 


•274 


3-649 


i^f 


14 


2-6391 


•260 


3-846 


V^ 


15 


2-7081 


•547 


4-048 


^h 


16 


2-7726 


•236 


4-237 


iV 


17 


2-8332 


•226 


4-425 


iV 


18 


2-8904 


•216 


4629 


iV 


19 


2-9444 


•208 


4-807 


liV 


20 


2-9957 


•200 


5-000 


'A 


21 


30445 


-192 


6-208 


o^J 


22 


3-0910 


-186 


6-376 


«\f 


2o 


3-1355 


•180 


6-655 


Vf 


24 


3-1781 


•174 


6-747 


1.V 


25 


3-2189 


•169 


6-917 



The hyperbolic curve of expansiou, expreiaive of tlie 
/alliDg pressure, relative to the increasing volume, is repre- 
sented by G, Fig. 119. The rectangle A B E F is supposed 
to be the section of a cylinder, having a stroke of 24 inchea. 
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The diagram is divided into 24 parts, or inches of stroke ; 
during six of these, that is 6 inches of stroke, or one-fourth, 
A 0, the steam is admitted, and it is expanded during the 
remaining three-fourths, E. a B 

Supposing that there is no 
clearance, the terminal pres- 
sure, G F, would be one- 
fourth of the initial pressure ^ 
during admission ; that is, it 
would be equal to the initial 
pressure, taken in this 
instance at 100 lbs. total 
pressure per square inch, 
multiplied by the period of 
admission, and divided by the 
length of the stroke, or 

100 X oT=251bs.per8q.in. 

the terminal pressure. 

The pressure for any in- e 
termediate point of the stroke 
may be found, similarly, by 
taking the portion of the stroke described from the com- 
mencement to the given point, as the divisor. Thus, at the 
end of 15 inches of stroke the total pressure is 

100 X Y^ = 40 lbs. per square inch. 

Finding the pressures, similarly, for each intermediate 
inch of the stroke, and drawing ordinates to the base B F, 
expressing the respective ordinates, for each inch of stroke ; 
the curve may be formed by tracing it through the ex- 
ties of the ordinates, as shown in the figure. 

The process of finding the intermediate pressures is, in 
fact, a case of proportion ; and the following statement. 




G F 



Fig. 119. 
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showing the proportional process for each of the ordinates, 
makes it quite clear : — 
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Having got so far, the work done by expansion may be 
calculated from these particulars without the aid of hyper- 
bolic logarithms ; and to simplify the operation, the area of 
the piston will be supposed to be 1 square inch, so that the 
pressures as given, per square inch, will be in fact the 
pressures on the piston. Dealing, first, with the initial 
pressure, it is 100 lbs. for 6 inches of the stroke ; and its 
equivalent amount, if spread over the whole of the stroke, 
would be as much less in proportion as the stroke is greater 
than the period of admission. Therefore, if the initial 
pressure be multiplied by the period of admission, and 
divided by the length of stroke, the quotient is the pressure 
of admibsion averaged for the whole of the stroke, or 

100 X ^ = 26 lbs. 
24 

Tliis quotient, it may be noted, is the same as that which 
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expressed the termiDal pressare ; showing that the initial 
pressure averaged for the whole of the stroke is equal to the 
terminal pressure. 

In dealing with the varying pressure by expansion during 
the rest of the stroke, the average pressure during this 
period is found by adding together twice the sum of the 
intermediate pressures and the two extreme pressures, and 
dividing the sum total by twice the number of intervals, or 
twice the number of pressures, less 1. The intermediate 
pressures range from the end of the 7th inch to that of the 
23rd inch, being 17 in number; and, with the extreme 
pressures, they make 19 in all, with 18 intervals. The sum 
of the intermediate pressures is 770*52 lbs., then, 

770-52 X2=: 154104 

The extreme pressures f ^'*^*\ • ; ] ; ^25 

The sum is 166604 

Which, divided by (19—1) X 2 = 36, 
yields tho quotient 46*3 lbs. 

for the mean pressure during the period of expansion. To 
find the equivalent average pressure distributed over the 
whole stroke, that special average is to be multiplied by 18 
and divided by 24 : thus — 

4:6-3 lbs. X 1? = 34-72 lbs. 
24 

is the average expansive pressure for the whole stroke. 
Adding together this average and that of the initial pressure, 
we have — 

Average initial pressure for the whole stroke . 25 lbs. 
Ditto expansion ditto ditto • 34 72 

59-72 lbs. 

This is the mean total pressure for the whole of the stroke. 

What has just been done — the finding of the mean total 
pressure — for the sake of illustration, in two operations, may 

more briefly be done in one, by applying the rule of the 

u 
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ordinate pressures for the whole of the stroke together. The 
pressures at the end of the 1st, 2nd, 3rd, 4th, 5th, and 6th 
inches are each 100 lbs. ; these added together make 600 ; 
and this added to the 17 pressures at the end of each inch, 
from the 7th to the 23rd inch, makes 1370*52 : thus— 



6 initial pressures of 100 lbs. each 
17 expansive pressures . . 

23 ordinates ... 



Now 1370-62 X 2 = . . . 

mi- 1 / initial 

The extreme pressures i g ^i 



600 
770-62 



1370-62 

2741-04 

100 

26 



2866*04 



The sum is 

Which, divided by (26-1) X 2 =48, yields 
the quotient 69-71 lbs. 

for the total mean pressure for the whole stroke — the same 
as was found by the double operation. 

To check this result, the total mean pressure may be 
calculated by the agency of hyperbolic logarithms. The 
ratio of expansion is 4, of which the hyperbolic logarithm 
is 1-386, and 

1 + 1*386 = 2-386. 

The work done during the 6 inches or '5 foot of admis- 
sion, taking the area of the piston as 1 square inch, is 

100 X -5 =50 foot-pounds, 

and the total work done for the whole stroke is 

50 X 2-386 = 119-3 foot-pounds; 

dividing this work by the stroke in feet, 

119-3 H- 2 = 59-65 lbs. 

the mean pressure per square inch, which differs by only 
*06 lb. from the mean pressure already found by the method 
of the ordinates. 

As a general rule for finding the total mean pressure that 
would be required to perform a given quantity of work, for 
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one stroke of the piston, divide the whole work done in 
foot-pounds by the length of the stroke in feet, and by the 
area of the piston in square inches ; the quotient is the total 
mean pressure, per square inch, for the whole of the stroke. 
From the total work, and mean pressure, found as above, 
deductions are to be made for the resistance of back pressure, 
in order to find the effective mean pressure. The back 
pressure is usually taken at 2 lbs. per square inch on the 
piston, in condensing engines. For non-condensing engines, 
the deduction to be made comprises the resistance of the 
atmosphere, which may be taken as 15 lbs. per square inch, 
plus the resistance by back pressure of exhaust and compres- 
sion, which should not be more than 2 or 3 lbs. per square 
inch ; making together 17 lbs. or 18 lbs. per square inch. 



CHAPTER XXII. 

HORSE-POWER OF STEAM-ENGINES. 

Thb nominal horse-power of non-condensing engines is 
commonly reckoned at the rate of 10 circalar inches area of 
piston per horse -power. The calculation is easy : — Square 
the diameter of piston, and point off decimally the right-hand 
digit : the result is the nominal horse-power. For example, 
the piston of an engine is 12 inches in diameter ; then 
12^=144, and the nominal horse-power is 14*4 H. P. In 
some districts, 10 square inches of piston are allowed per 
nominal horse -power. 

For condensing engines,' the nominal horse-power is 
reckoned at the rate of 30 circular inches of area of piston 
per nominal horse-power. If the diameter of the piston in 
inches be squared, and the square divided by 30, the quotient 
is the nominal horse-power. For example, for a piston 36 
inches in diameter, the nominal horse-power is 

30 30 
The nominal horse-power of an engine, it will be seen, is 
not a direct measure of the power, but is only a commercial 
measure, having relation to the area of the piston, or the 
sectional area of the cylinder, by which engines are bought 
and sold. The actual horse-power, measured by the work 
developed in the cylinder, is much greater then the nominal 
power. The basis of an actual horse-power is the 'raising or 
moving of 33,000 lbs. weight, or resistance, through a height 
of 1 foot in one minute ; that is to say, the performance of work 
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at the rate of 33,000 foot-pounds per minute. To calculate 
the actual horse-power, therefore, the effective work done in 
the cylinder, in foot-pounds per minute, is divided by 33,000. 
The effective work is found for one stroke by multiplying 
the area of the piston in square inches by the effective mean 
pressure in pounds per square inch, by twice the length of 
stroke in feet, and by the number of turns of the crank- 
shaft in a minute. The whole process is compactly given 
by either of the following equations : — 

T jj p Pressure X area X stroke X 2 X number of turns 

33,000 

y -rx p Pressure X wea X speed of piston in feet per minute. 

. , 33,U00 

Take, for a comparison of the horse -powers computed by 
the two methods, the instance of the cylinder. Fig. 119, sup- 
plied with steam of 100 lbs. total pressure per square inch, 
and worked without condensation. The nominal power in 
turns of the diameter, which is, say, 15 inches, is 

10 10 
To find the actual or indicator horse-power : — the effective 
pressure is 59*6/> lbs., less, say, 17 lbs. per square inch of 
back pressure, or 43*65 lbs. per square inch efifective mean 
pressure. Let the number of turns be 90 per minute, 
equivalent to a speed of piston of 2 ft. X 2 x 90 = 360 ft. per 
minute ; then the indicator horse-power is 

42-65 lbs. X 176-7 square inchep X 360 feet _ ^^^l I H P 

33,000 '~ • • • 

In this instance the horse-power actually developed in the 
cylinder is nearly four times as much as the nominal power. 
Although in the example of a model indicator-diagram. 
Fig. 119, the stroke has been divided into 24 parts, the work 
done may be calculated from the diagram with a sufficient 
degree of accuracy, in almost all cases, when divided into 
only 10 equal parts. 
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COMPOUND STEAM-ENGINES. 

Compound engines are such as have two or more cylinderA 
connected to one shaft, within which the steam works, con- 
secutively from one to another. Steam is admitted to the first 
cylinder, where it may be partially expanded; and when the 
first piston arrives at or near to the end of the stroke, the 
steam is exhausted from the first into the second cylinder, 
within which it expands behind the second piston during its 
next stroke. The steam from the second cylinder may be 
further worked expansively in a third cylinder, but it is most 
commonly exhausted from the second cylinder into the con- 
denser. 

The steam which is exhausted into the second cylinder 
reacts upon the first piston, by back pressure, during its 
return stroke : it follows that if the second cylinder had only 
the same diameter and stroke as the first cylinder — in fact, 
if it had the same capacity — there would not be any expan- 
sive action of the steam so exhausted, as it would simply pass 
from one cylinder into the other, and there would not be any 
useful work done ; the work done by the positive pressure 
on the second cylinder being equal to the opposing work 
done on the first piston by the back pressure. To generate 
useful work, therefore, in exhausting steam from the first 
into the second cylinder, the second cylinder must be of 
greater capacity than the first, either in having a greater 
diameter or a larger stroke, or both together, in order that 
the steam from the first cylinder may expand in the second, 



COMPOUND STEAM-ENGINES. 295 

in virtue of the enlargement of volame which follows from 
the transference. Still, however, there is a resistance by 
back pressure on the first piston in the process of expansion ; 
and as this is the same, or nearly the same, pressure per 
square inch both ways — on the second piston and on the first 
piston — it follows that the useful work done by expansion 
from the first into the second cylinder, supposing the strokes 
to be equal, is that due to the difference of the areas of the 
pistons. 

Generally, looking to the increase of volume by expan- 
sion between the first and second cylinders, the work of the 
steam in this, the second stage of its operation, is simply 
that due to the number of times the final volume in the first 
cylinder is contained in the final volume of the second cylin- 
der ; in other words) to the ratio of expansion in the second 
cylinder. If there be no expansive working of steam in the 
first cylinder, so that the whole of the expansion is done in 
the second cylinder, then the proportional work or efficiency 
of the steam is to be calculated on the ratio of the volume of 
the second to that of the first cylinder. But if the steam 
be cut off in the first cylinder before the end of the stroke, 
then the total ratio of expansion will be that of the partial 
expansion in the first cylinder multiplied by the ratio of the 
volume of the second to that of the first cylinder. 

For example, let the areas of the first and second cylin- 
ders be in the proportion of 1 to 4, the strokes being equal, 
then the ratio of expansion from the first into the second 
cylinder is 4. Let the steam be cut off in the first cylinder 
at half-stroke, or so as to expand it to twice its initial volume 
when the stroke is completed, then the ratio of expansion m 
the first cylinder is 2. Thus the total combined expansion 
of the steam in the two cylinders is 4 X 2 = 8 times the 
initial volume, and the ratio may be compactly stated 
thus :-^ 



296 STEAM AND THE STEAM-ENGINE. 



Expansion in first cylinder . • • • 1 to 2 
Ditto in second ditto 1 to 4 



Total combined expansion . . 1 to 8 

Now, in this instance, by means of two cylinders com- 
bined, it appears that a total expansion of 8 times is effected, 
although the greatest in either cylinder individaally is only 
an expansion of 4 times. In this redaction of the extreme of 
expansive working in any individual cylinder is to be found 
the source of the advantages of working steam by compound 
engines. It has already been stated (page 268) that 
attempts at increasing the performance of steam by expan- 
sive working are baffled by the variation of temperature of 
steam expanding in a cylinder. The temperature of steam 
falls with the pressure, and the cylinder is cooled to a certain 
extent by the end of the stroke. When the next charge of 
steam of the higher pressure is introduced for the next stroke, 
a part of it is condensed upon the cooler walls of the cylin- 
der, which require to be heated to the temperature of the 
steam. This is a direct loss. True, the steam so con- 
densed is partially resuscitated towards the end of the stroke 
by the heat which is partially returned from the cylinder to 
the expanding steam, when the temperature o^this steam 
falls. Nevertheless, the absolute loss is so serious as to 
nullify attempts at usefully expanding steam beyond limits of 
about four times in one cylinder. Hence the advantage of 
dividing tlie expansion of steam between two cylinders, and 
thus reducing the range of the injurious variation of 
temperature in any one cylinder. 

The second advantage of compounding engines is that the 
range of the variation of the pressure is, like that of the 
temperature, divided between two cylinders, and that, there- 
fore^ the pressure and blows to which the parts of the engine 
are subjected by the initial impulse of steam on the piston 
are also reduced. A compound engine is universally acknow- 
ledged to be a " sweet " working engine. 
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Tiie following analysiB of the action of steam in two coni- 
puund cylinders with reference to the illustration. Fig, 120, 
reprodnced from the first edition of this work, ehows one 
wny of treating the question : — Let Fig. 120 represent 
two Biich cylinders, of which the smaller, A, ia 6 cubic feet 
in capacity, and the larger, B, of 21 cubic feet capacity, or 
in the ratio of 1 to 1. The 
first cylinder, A, receives the 
steam. Bay of 40 Ihe. pressure 
per equare inch, from the 
boiler, and the second cylin- 
der, B, receives the steam, ns 
indicated by the respective ) 
arrows, from the cylinder. A, 
nfter it has done iU duty in 
that cylinder. Now, as the 
area of the larger cylinder isfour 
times that of the smaller one, 
it follows that the steam expands 
to four timea its volume in tho 

larger cylinder, with a preB- i,uiui~umi v/imuu™. 

sure corresponding to the diminution of force ; nnd whilst 
the comniuiiication between the two cylinders is open, there 
is the same pressure in both cylinders, consequently the 
effective pressure in the larger cylinder is only on the 
three-fourths of its area by wiiich it exceeds tho Bmallvr 
one. 

As has been seen, the pressure of elastic fluids is inversely 
as the space they occupy ; if we suppose these cylinders 
divided into, say, six equal parts, 1, 2, 3, 4, 5, 6, it will suffi- 
ciently illuatrnte the comparative force of two cylinders. 

For a constant quantity we have the capacity of the 
smaller cylinder, as 6 cubic feet, to be expanded into 24 cubic 
feet, and also fill the passages, say aix-tenths of a foot, be- 
tween the cylinders. If the pistonB be moved through 
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one-sixth of their stroke to a a, the pressure would be aa 
under — 



Space Space Poi».<M. Steam enanded 

UfiUed. flfi^ I'assages. ^^ 

C ft'. c. ft. c. ft. c. ft. 

4- + -0 = 6- initial 
5 + * + '^ = 9*6 for a « 
4 + 8 4- -6 = 12-6 for** 
3 + 12 + '6 = 15*6 for <; 4} 
2 4- 16 + -6 = 18-6 for rfrf 

1 4- 20 -f -6 = 21*6 for e« 
-f 24 + -0 = 24-6 for// 

Taking the force of steam as 40 lbs. per square inch, the 
pressures for the respective ordinates of expansion, in double 
and single cylinder engines, would then be inversely — 

Initialiii first OTlin. 6* : 40 :: 6 : 40* none 40* 

Initial in second cylin. 6*6 : 40 :: 6 : 86'S6 between the pistons none 

Ilrst space of expan. 9*6 : 40 :: 6 : 26* ditto, or a a 26*26 

Second ,, 12*6 : 40 :: 6 : 1904 ditto, or ft 6 20* 

Third „ 16-6 : 40 :: 6 : 16 88 ditto, or <;« 16* 

Fourth H 18*6 : 40 :: 6 : 12*36 ditto, or dd 18*33 

Fifth „ 21-6 : 40 :: 6 : 11*11 ditto, or «« 11*42 

Sixth „ 24-6 : 40 :: 6 : 9*76 ditto, or// 10* 

The mean pressure may be found by the rules already sub- 
mitted. For the large cylinder by hyp. log. it will be — 

Exponent of expansion = 24*6 n- 6=4*1, whose log. = l'4ll 
X 36-36 X6-C -^IS-e (spaces to fill)=18-2 lbs., nearly, as the 
mean pressure throughout the stroke on the large piston. 
On the smaller piston it would be 40 — 18*2 (the pressure on 
the larger piston) =21*8 lbs. ; hence, taking the value of the 
vacuum in the condenser as 12 lbs., for the power exerted 
we have the 

Small cylinder area = 6 X 21*8 = 120*8 
Large cylinder area = 24 X 18*3 = 436*8 
Condenser vacuum =24 x 12*0 = 288 



Total power . . = 846-6 -;- 24= 35*23 lbs. 

mean pressure. 

Out of this 845*6 lbs. of accumulated power, 288 lbs., oi 
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one -third of the whole, is due to the vacuum in the con- 
denser, and 557*6, or two -thirds, to the steam. 

It may be instructive to compare the power given out in a 
single cylinder of the same capacity, and using the same quan- 
tity of steam. Thus, hyp. log. of 4-1 =1-411 x 40 x 6 -f- 18-6 
= 17*67 lbs. as the mean pressure of expansion. 

And as before — 

Full pressure area = 6 X 40 = 24000 

Expended pressure area = 18-6 X 17-67 = 328*66 
Condenser vacuum = 24-6 X 12*0 = 295-20 



Total power . . = 863-86 -;- 24 = 35-99 lbs. 

mean pressure. 

Now 863*86 — 845*6= 18*26 lbs., or 2- 16 per cent, in favour 
of the power given out on one cylinder ; but with this greater 
power there is also much greater irregularity of motion. For 
various classes of machinery now driven by steam such irre- 
gular motion would be highly detrimental, whilst the more 
uniform motion produced by the double-cylinder engine 
enables the principle of expansion to be more extensively ap- 
plied to general purposes than by the single -cylinder engine. 

There are other modifications of the double or compound 
cylinder engine, where the cylinders are placed one on the 
top of the other, and differently arranged, so as to provide 
the utmost economv. 

In his excellent paper on Compound Engines, before re- 
ferred to, Mr. Thomson exemplifies the application of his 
Table of Steam Worlced Expansively (see page 286, ari(e), 
as applied to compound marine engines. The passage is 
worthy to be reproduced here. In explanation, it should 
be stated that compound marine engines are constructed 
with an intermediate " receiver," or chamber, into which the 
steam exhausted from the first cylinder is stored, in readiness 
to be admitted at the right time into the second cylinder. 
The necessity for the receiver must be obvious, when it is 
considered that the pistons of the two cylinders are connected 
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to cranks at right angles to each other, and that, conse- 
quently, at the time that the steam is ezhansted from the 
first cylinder, jnst before its piston arrives at the end of its 
stroke, the second cylinder is not prepared to receive the 
discharge of steam from the first, since the second piston is 
half-way either up or down the second cylinder. A re- 
ceiver, or reservoir, is therefore required for the purpose of 
holding the steam discharged from the first cylinder until the 
valve of the second cylinder opens to admit it to the second 
piston at the beginning of the stroke. 

" When steam," says Mr. Thomson, " is expanded in the 
cylinder of a steam«engine, its pressure at any part of the 
stroke is very nearly inversely proportional to the volume it 
occupies. This is not exactly the case, but very nearly so, 
and in almost all indicator-diagrams it is found that the 
pressure is slightly greater than it ought to be by this rule. 
If, therefore, the size of a cylinder is calculated on the sup- 
position that the pressure of the expanding steam is inversely 
as the volume, a slight error may be expected on what 
engineers often call the * right side * — that is, the size will 
be slightly above what is strictly required. 

" The Table is calculated on the supppsition that this rule 
is accurate. To give an example of its application, let it be 
required to find the area of a cylinder to yield 100 I. H. P. 
with a maximum pressure of steam of 60 lbs. above the 
atmosphere, an expansion of six times, back pressure of 2 lbs. 
per square inch, and a piston speed of 300 feet per minute. 

" Plere the average pressure required on the piston to give 
this power = 

33000x100 



3 



00 



=11,000 lbs., 



Next, maximum pressure of steam above the atmo- 
sphere . . . . . . = GO lbs. 

Add pressure of atmosphere . . .15 



Maximum total pressure . 75 lbs. 
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** Referring to the Table, in the line for six times expan- 
sion we find that in these circumstances the average pres- 
sure over the whole stroke 

=75x465 . . , . = 34-875 lbs. 
Deduct back pressure .... 2*000 

And we have the mean effective pressure over 

the whole stroke .... 32*875 lbs. 

" From which it follows that the area of the piston = 
11000 ^^^ . , 

32^875 "^ square mches, 

and a table of areas of circles gives diameter of cylinder = 
20f inches. 

** When a high degree of expansion is effected in one 
cylinder, the maximum strain on the crank-pin is much 
larger than the average working pressure over the length of 
the stroke, as is very clearly shown by reference to the Table. 
To diminish this excessive strain is the object sought in 
employing two cylinders to work conjointly, the one re- 
ceiving the steam from the other, and thus forming what 
we call a compound engine. 

'* If, in the example we have taken, the six times expansion 
had been carried out in two cylinders, the mechanical effect 
developed would have been exactly the same, and so also 
would have been the final pressure. It is readily seen that, 
if the final pressure is the same in both cases, and the quan- 
tity of steam used is also the same, the capacity of the large 
cylinder of the compound engine must be the same as that 
of the single-cylinder engine of the same power, and work- 
ing with the same degree of total expansion. All that is 
necessary, therefore, in calculating the size of the large 
cylinder for a compound engine, is to calculate in the way 
we have already done the size of a single cylinder to develop 
the required power with the given initial pressure and the 
given amount of expansion. This will be the size required 
for the large cylinder of a compound engine to develop the 




302 STEAM AND THB STEAM-ENGINE. 

given power, and the only nee of adding a small cylinder to 
it is to moderate the maximum strain on the crank-pin and 
give a more eqnable development of power over the whole 
stroke of the piston. This being the object aimed at, it is 
best to make the size of the small cylinder such that the 
maximum strain on the crank-pin shall be the smallest pos- 
sible under the given conditions. Dr. Pole shows, for the 
Woolf form of engine, that this is effected by making 

Area of small cylinder ^, ,. , 

^Degree of expansion = "^ °^ ^^«^ ^y^^^^^^' 

The rule, applied to the example we have already taken, 
would give — 

335 
Area of small cylinder = — j^ =137 square inches, and 

Diameter = 1 3^ inches. 

'' The area of the small cylinder being thus calculated, it 
is to be understood that, to get the best result, half the expan- 
sion is to be effected in the small cylinder, and the remainder 
during expansion into the large cylinder. Thus, in the 
present instance, the steam is to be expanded 2*449 times in 
each cylinder, and 2*449 x 2*449=6, making 6 times expan- 
sion in all. 

** For the marine compound engine, the area of the small 
cylinder is not so definitely fixed, because, the two pistons 
acting on different cranks, the object generally is to make 
the maximum strain of either taken singly a minimum. And, 
besides, the maximum strains of either piston can be con- 
siderably varied by altering the point of cut-off in the large 
cylinder. Nevertheless, Dr. Pole's rule for Woolf-engines 
will be found generally to give good results for the other 
form of engine also, and such as fairly correspond with the 
best practice. The assertion that the mechanical power 
developed is the same whether the expansion takes place in 
one or in two cylinders requires this oualifieation, that when 
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two cylinders are used the arrangements must be such that 
none of the expansion takes place uselessly by the steam rush- 
ing into the passages, and so causing a sudden drop of the 
pressure, without doing any work on the piston. In the 
Woolf form of compound engine this condition has not 
hitherto been absolutely complied with, and in some engines 
of this type it is very far from being so. A considerable 
loss of efifect is the consequence. 

** The amount of this will be seen if we take an example, 
thus — 

" Let the capacity of the small cylinder be = 4: ; capacity of 
the large one = 16 ; and the capacity of the steam -passage 
between them = 1, or the fourth part of the small cylinder. 
Suppose, further, that the maximum total pressure of the 
steam in the small cylinder = 75 lbs., and that it is cut off at 
one-third stroke. With these data the expansion should be (if 
we disregard the effect of the intermediate passage) 3 times in 
the small cylinder and 4 times more in expanding into the 
large one ; or 3 4 = 12 times. But the actual operation 
would be this — 

** First, the steam would be expanded 3 times in the small 
cylinder, thus reducing the pressure to 

~=25 lbs. 
o 

On the exhaust-valve being opened the steam would rush out of 

the intermediate passage, and thus occupy a space=4-J-l=5, 

by w^hich its pressure * would be reduced to 25 x J =20 lbs. ; 

* '*It is assumed here and in what follows that the passage is 
entirely empty. This should not be the case, for it should be filled 
with steam of a pressure equal to the final working pressure in the 
large cylinder. In practice, however, the drop of pressure is generally 
quite as great as it ought to be, on the supposition of the passage 
being empty ; and if the theoretical effect of the supposed small 
steam pressure existing in the passage were taken account of in these 
calculations, it would only complicate them without producing any 
difference of practical consequence in the results arrived ut.*' 
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and this part of the expansion being uselessly expended in 
friction, and producing no motion on the pistons, would be 
productive of no useful effect. 

''The steam which now occupies a space =5 will, at the 
end of the large cylinder-stroke, occupy a space=lG+l = 17; 
thus having been expanded V^ = 3f times during its passage 
into the large cylinder. The total effective expansion in 
both cylinders is therefore = 3x3j=10j times, instead of 12 
times, which it would have been but for the effect of the 
intermediate passage. The loss of efficiency thus caused is 
measured by the difference between 

1 -f Hyperbolic log. 12 and 
1 -h Hyperbolic log. 10 J ; 

that is, it amounts to l|."iii = l — •953='047 (or nearly 5 per 
cent.) of the whole efficiency of the steam when expanded 
12 times in one cylinder. In many Woolf-engines, the loss 
of efficiency from this cause is greater than this, but it need 
not be so if the engines are well constructed, and, as I have 
already said, this defect may be diminished or entirely 
removed if Woolf-engines were made with intermediate re- 
ceivers, and the steam cut off at the proper point of the 
stroke in the large cylinder, as is done in the modern marine 
engines." 

In a subsequent part of the paper, Mr. Thomson shows 
that, even when a considerable drop in the pressure takes 
place between the first and second cylinders, in the reser- 
voir, the loss of indicator-power due to that drop need not 
exceed 5 per cent 



CHAPTER XXIV. 

DEHUHIPTION OP STEAM-EKGINES. 

It haa baen eeen that tlie benm-engine was the form of 
engine mftinred by James Watt, and the beam has never 
censed, since hia time, to be a leading featare in the modern 
steam-engine. Stationary beam-engines are uanally made 
with condeDaera, and the engines erected by Meaara. William 
Fairbairn and Sons, at the Baltaire Mills, near Bradford, typify 
many of the mill-engines of the day. The engines at Saltaire 
are arranged in two paira, to obtain the requisite uniformity 



Hg. lil.— EogiDea and BoileTB it Balteln. 

of action, and they are pinced in two large engine-hoaaea on 
either aide of the front entrance to the buildings. They are 
supplied with steam from ten boilera placed below the level 
of the ground. 

The engines and boilera are ahown in aide elevation, 
partly aectional, in Big, 121, Steam, generated in the 
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boilers, k^ is brought through a prolongation of the tunnel, 
in which the smoke passes to the chimney, and enters the 
engine-house by the pipe ^ which conducts it to the cylin- 
der a, which is 50 inches in diameter, and has a stroke of 
7 feet. Here the pressure of the steam is exerted on the 
piston within the cylinder, and transmitted through the 
working beam, 6, to the large spur-wheel, e, 24 feet in 
diameter, from the circumference of which, at the lower part, 
the force of the steam is taken direct by pinions, which conduct 
it at the required velocity to the shafting of the mill. The 
working beam is supported on a pair of massive columns, 
16 feet high, bolted down to the mass of masonry which 
constitutes the foundation of the engine. The entablature 
is bolted to each column, and to the columns of the 
adjoining engine, and is fixed in the walls of the engine- 
house on each side; the spring beams, t, over the entab- 
lature, and at right angles to it, are connected to the cross- 
beam, j j. Thus, a strongly fortified position is secured 
for the central bearings of the working beam, where the maxi- 
mum stress of the engine is experienced. The spaces 
between the spring beams and the walls, except where the 
main beam vibrates, are floored with iron plates, approached by 
staircases, one of which is shown, over the cylinder. The beam 
receives its motion from the piston-rod, through the ordinary 
parallel motion, already illustrated at page 48, and trans- 
mits it through the connecting-rod, c, and the crank, d, to 
the fly-wheel, c. 

The distribution of the steam in the cylinder is effected in 
the valve-chests, /, and the steam passes to the condenser, 
gy through the eduction pipe. The cold water is supplied 
to the condenser from a cistern. Beside the condenser is the 
air-pump worked by a rod from the working beam. A pump 
to supply the cold-water cistern is worked by the rod, A, and 
another pump is worked, by which hot water is supplied from 
the condenser to feed the boilers. The supply of steam to 
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the engine is regulated by the governor, shown behind the 
cylinder, which acts on a throttle valve on the steam -pipe. 
The valve-chests,/, are fitted with equilibrum -valves, modifi- 
cations of the double-beat or equilibrum-valve invented by 
Hornblower, and generally employed in the mining engines 
of Cornwall. The valves are moved by means of bevil gear 
driven by the crank-shaft. The double-beat valves consist 
of two discs, one a little smaller than the other, on the same 
spindle, which fit tightly on seats in the valve-casing. The 
steam in the casing presses on the outer sides of the valves, 
tending to keep close the upper valve and to open the lower 
valve. But as the upper valve is larger than the lower 
valve, and exposes a larger area than the lower, there is a 
proportional excess of pressure on the upper valve — the 
resultant pressure, in fact — which keeps the valves closed 
until they are lifted for the admission of steam, which passes 
from between them, into the cylinder. The force necessary 
to open the valves thus differentiated is only what is re- 
quired to overcome the resultant pressure, instead of what 
would otherwise be the whole pressure on a single valve. 
The steam is likewise exhausted from the cylinder by double- 
beat valves. The steam is cut off by means of a variable 
cam at any point of the stroke required. The two engines 
of each pair are combined so as to act in concert upon the 
same crank-shaft, or main shaft, and fly-wheel, the cranks 
being placed at right angles to each other. 

The power of each engine was estimated to be 100 nominal 
horse-power, according to the late Sir William Fairbairn*s 
rule, which was, to multiply the area of the piston by 7 lbs. 
pressure per square inch, and by a speed of piston of 240 
feet per minute, and to divide the product by 33,000. Thus, 
the area of piston being 1,963*5 square inches, 

1963-5 X 7x240^ 
33,000 
giving 400 horse-power for the two pairs of engines. 
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The following partlcnlars, with indicator-diagrams, of the 
performance of the Saltaire engines are quoted from the 
article Steam Engine in the ** Encyclopaedia Britannica/' con- 
tributed by Mr. D. K. Clark: — The indicator-diagrams, 
Fig. 122, were taken from the engines when they 





Fig. 122.— Indicator-diagTamB from the Saltaire Engines. 

• 

were working at 25 revolutions per minute, and one pair 
with part of the load off. The maximum vacuum varied 
from 13 to 13*2 lbs. per square inch below the atmo- 
sphere ; the average vacuum was 12 J lbs. per square inch. 
Diameter of cylinder, 50 inches ; area, 1963-50 square inches; 
speed of piston, 350 feet per minute. 
From these diagrams we get — 



Engine A. Mean pressure of steam per sq. in. 
Deduct for friction, air-pump, &c. 

Effective pressure 

Actual horse-power = 107 '63. 



lbs. 
= 7-1684 
=: 2-0000 



5-16S4 



Engine B. Mean pressure of steam per sq. in. = 7*3646 
Deduct for friction . . . = 2-0000 



Horse-power = 1 11 '46. 

Engine 0. Mean pressure of steam per sq. in. 
Deduct for friction 



Horse-power = 235-34. 



6-3646 



= 13-301 
= 2-000 

11-301 
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Engine D. Mean pressure of steam per sq. in. = 12*946 
Deduct for friction . . . = 2*000 



10«946 
Horse-power = 227*95. 

With a higher pressure of steam, however, or a shorter 
expansion, these engines will work to a considerably higher 
power. 

The boilers for Saltaire have already been described at 
page 233. The draught is generated by a chimney 240 feet 
high. Each boiler was calculated at 50 nominal horse- 
power, allowing two-thirds of a square loot of grate per 
horse-power, and was said to be capable of supplying steam 
for loO indicator horse-power. The consumption of fuel 
averaged from 3 lbs. to 3 J lbs. of good coal per indicator 
horse-power per hour. 

Compound Beam-Engines. 

Mr, Wm. McNaught, of Manchester, introduced a second 
cylinder, as an addition to the ordinary beam-engine, placed 
under the beam on the crank side of the main centre. The two 
cylinders are worked as compound cylinders, the steam from 
the boiler being admitted first to the smaller cylinder, in 
which it is usually cut off at half stroke* Economy of fuel 
is effected by the addition of the extra cylinder, and Mr. 
McNaught has estimated that, after making a deduction for 
steam consumed in heating the mills, where his system has 
been applied, he has reduced the consumption of good coal 
to from 2 lbs. or 2-^ lbs. per indicator horse-power. 

Beam-engines are occasionally compounded by placing 
two cylinders side by side under one end of the beam, ex- 
hausting from the top of the small cylinder into the bottom 
of the large cylinder, and vice versa. On this system, ilhis- 
trated by Fig. 123, the communications between the cylinders 
are more compact than in McNaught's arrangement, but 
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the BtrcBB on the beam and on the main centres is consider- 
ably greater, though it must be obvious that if two compounded 
cylinders side by side be substituted for a single cylinder, 
to develop equal power, the actual stress on the beam will 
be reduced. 

Horizontal Engines, 

Dispensing with the traditionary beam, most stationary 
steaih-engines are now constructed as direct-acting, the piston- 
rod being connected direct to the crank, and the cylinder 
and shaft being contained in one base-plate. Thus a 
simpler, lighter, and less costly engine is obtained, and 
one which is equally efficient with the beam-engine. 
The engine. Fig. 124, exemplifies the general arrange- 
ment of single-cylinder horizontal engines, non-condens- 
ing; and a neatly finished example of a double -cylinder 
horizontal condensing engine, by the Reading Iron 
Works, is given in Pig. 125. This engine was designed 
with a view to highly expansive working. The cylinders 
are steam-jacketed, and each cylinder is fitted with a 
variable-expansion valve, superposed on the ordinary slide- 
valve, by which the steam may be cut off at one-tenth of the 
stroke. The piston-rods are prolonged through the covers 
of the cylinders, and work the air-pumps, which, together 
with the condenser and hot wells, are placed in line at the 
backs of the cylinders. The capabilities of the valve-gear 
for working the steam at a high rate of expansion are proved 
by the indicator-diagram, Fig. 126, taken from both ends of 
a single-cylinder engine constructed and arranged as in the 
figure. The cylinder was 21 inches in diameter, and had a 
30-iuch stroke, and was steam-jacketed at the sides and 
ends. Steam was cut off at 3^ inches of the stroke. The 
average speed of the engine was 60 revolutions per minute, 
giving a speed of piston of 300 feet per minute. The dia- 
grams prove by calculation that 47 indicator horse -power 
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WM exerted; the power at the craDk-ehaft, meaaared hy 
means of a dynamometer, amoont«d to-40 Iiorse-power ; from 
which it appears that the resiatance of the engine conaumed 
? horae>power, or 15 per cent, of the whole indicator-power. 
The fuel conanmed waa ShDB Iba. per dynametric horae- 
power, or 2'6 lbs. per indicator horae-power. Aa the boiler 
evaporated 9 lbs. of water from a temperature of 82° Fahr., it 



Fig. ISC— Indlotor-ditsnin (ron a horiEontal amdcming Engine, 
bjr the Reading Inm WorbL 

followa that the consumptioD of water amounted to 27-6S lbs. 
per dynametric horse-power, or 2S'i iba. pel- indicator horae- 
power. 

An example of horizontal engine, of a kind nbich ia now 
much need, ia shown in Fig. 127, as conetrucfed by the 
Reading Iron Works, The principle of coustrnction is very 
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umple. There are but two princip&l castings — the RoIe, 
with which the main plammer-blockiacaat in one piece, and 
tlie cylinder, The cylinder is overhung, and U nnitod to 



the sole by one end, with a square joint. For sninll powera 
this Byetcm of construction, which has been adopted by 
various makera, is not only simple, hut also MtoDg and 
coinpuct. 
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Sorwontal Compound Ettginet, 

The horizontal arrangement offers great facility for the 

ipplication of compotiiid cylinders. An example con- 

etrocted by the late firm of Garrett, Marahall, and Co. 

FigB. 128, 129, 130, bos two cylinders, side by aide, of which 

the smaller, and first, is 12^ inches in 

diameter; and the accoaj is 21 

inches in diameter, with a stroke oi 

27 inches. They are connected to 

one Bliaft with cranks diametrically 

opposed. The steam is distribnted 

I'm ISO. - HDriiontfti Com- ''^ '"*"''^ '^^ * Single slide-valve, by 

KSSSm*™" ^*°'*™ "* wliich the steam is exhausted 

directly across from the first to 

(he second cylinder, throngh the shortest possible passage. 

Tims, fllso, the reciprocating mechanism is self-balanced. 

The air-pnmp, which is double-acting, and the condenser 

are ])laced apart, behind the low-pressure cylinder ; the 

pump is within the condenser, and is worked by a prolonga> 

tiun of the piston-rod of the second cylinder. 

The sectional areas of the cylinders are as 1 to 3. In 
order to obviate simultaneously dead poiiits in the revolution 
of the cranks, these are set, not precisely in a line, but at a 
slight angle, the larger piston being thereby placed slightly 
in advance of the position it woold occupy if the cranks were 
exacUy in line. The elide-valTe, which serves both cylinders, 
has two faces, and the lead and the travel may bo varied, 

Tertical Sleam-enginei. 
Engines known as vertical are direct -acting, and are of 
two classes : first, those in which the cylinder is fixed to tlie 
base, and works to the crank-shuft overhead ; second, those 
in which ihe cylinder is inverted and supported above, and 
works to the crank-shaft, with hearings on the base. 
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Of the first class. Fig. 131 ia an example, in which the 
whole engine etands oa a bed-plate ; a round columa is 



eia- 131.— Vortical eioam-H 



placed beside the cylinder to carry the crank-ahaft. The 
governor ii placed on the top of the colamn. with a bearing 
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in & deep eocket, and ia compactly driven from the bIisH b; 
meanB of >kew-gear. 
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Another example ii shown by Fig. 182, in which the oytiu- 
der IB fixed within the hase of a colmno, which is open at 
four aides, and aniwen the purpose of a frame, equally stiff 
ia every direction. But the engine is rather too confined. 



Fig. ISS.— iDTOrted-oyUader Steara-eogiue. 
Of the second class of vertical engines, with an inverted 
cylinder. Figs. 133 and 131 are exampies. Such engines are 
appropriate where the main shaft is required to be low ; but 
they have their inconveniences in the liability to leakage 
and droppings from the stufQng-box. 
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An amngement of inverted-cylinder epgine, fixed npon 



Fig. IM.— Inverled-Fflinder Steun-cngiiie. 

a vertical boiler, is shown in Fig. 135. Tliia wna designed for 



Fig. 135.— Int'etted-ci'linder £Dgia« uid Boiler. 

small powers, for the sake of compactness, by the late Messrs. 
Garrett, MarsheU, and Co. 
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Pumping Engines. 
PumpiDg water from minea, or for the service of towns, 
or for other purposes, is the simplest mecbanical duty per- 
formed by steam. The work is a direct lift, and ma; be 
done, and has generally been done, by the action of steam in 
a cylinder, single-acting, at one end of a beam, and the 



Pfg, ua.— Comlsli Pumping Englns. 

raising of the water by a pump-plunger, or pole, at the 
other end of the beam, as in the Cornish engine, illus- 
trated by Fig. 136, showing in skeleton elevation one of the 
engines at the East liOndon Waterworks. The steam- 
cylinder, A, is 100 inches in diameter. The pump, B, is a 
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plunger-pump, the pole, or plunger, of which ib loaded with 
iron weights sufficient to counterpoise the pressure of a 
hydrostatic column, which is the measure of the pressure 
created in the central station to put in motion the supply of 
water to the consumers. The loaded plunger is lifted by the 
action of the steam in the cylinder, A, and is allowed to 
descend by gravity at a speed depending on the quantity of 
engine-power in action, and the rate at which the water is 
being drawn away. The chamber of the pump is filled by 
water when the plunger is raised, the water passing through 
the suction-valve at the side of the plunger. In engines 
worked on this principle, — in all reciprocating engines 
pumping without the intervention of cranks, — there is nothing 
to limit the strokes of the engine to any exact length. 
Bumpers, or catch-pieces, are therefore applied to restrain 
the engine at both ends of the beam from describing an imdue 
length of stroke. The bumpers consist of thick plates of 
india-rubber under blocks of hard wood. The speed of the 
engine is regulated by an adjustable cataract ; the exhaust 
valve first, and then the steam -valve, are thrown open by 
treadle-weights so soon as the catches are detached by the 
cataract. The valves are closed by tappets on a plug- 
rod, D, — first the steam-valve, E, and then the exhaust- 
valve, F. The steam-valve is closed at from a third to a 
fifth of the stroke ; the exhaust-valve, at the end of the stroke. 
The stroke of the engine raising the load — the indoor stroke 
— is performed at a mean velocity of piston of from 500 to GOO 
feet per minute. When the steam is cut off at one-quarter 
stroke, a stroke of 10 feet is frequently performed in one 
second. The number of strokes varies from 4 to 10 per 
minute. The cylinder is cased in a steam-jacket, which is 
enveloped in an outer coating of ashes, 12 inches in thick- 
ness. The indicator-diagram. Fig. 137, was taken from the 
cylinder when the steam was cut off at one-quarter stroke ; 
the length of stroke was 11 feet, and the total load on the 
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piston was equal to 16*58 lbs. per square inch. The pros- 
sure in the iDoiler was from 30 lbs. to 35 lbs. per square inch 
above the atmosphere. 
In the diagram it is 
shown to have been 
25 lbs. per square inch 
at the beginning of the 
stroke, and to have 
dropped to 13J lbs. per ji>; 

square inch when the Hg. 187.— ludicatordiaffram fi-om Cornlsb 

M» rr%t • Enffinc 

steam was cut oft. This 

full of pressure is due to the rapidly acquired velocity of 
the piston moving under the pressure of tlie steam, and 
the consequent wire-drawing of the steam in passing into 
the cylinder. At the end of the stroke the stenm has 
expanded down to a pressure of 7J lbs. per square 
inch total, or 7i lbs. below the atmospheric line. The 
equilibrium-valve being then opened, the steam above the 
piston is admitted to circulate freely under the piston, and 
thus equal pressures are established above and below it. This 
equality is indicated on the diagram by the junction of the 
upper and lower figures in one line of contact. The consump- 
tion of fuel is at the rate of about 2^ lbs. of coal per in- 
dicator horse-power per hour. The "duty," or rseful wjrk 
done, measured by the quantity of water raised, is about 80 
per cent, of the indicator power, and it is equivalent to about 
80 millions of pounds of water raised one foot high for each 
hundred-weight of coals. 

Rotative pumping-engines for waterworks — such as are 
double-acting, and are regulated by a crank and fly-wheel — 
have been employed to a considerable extent, and they advan- 
tageously compare with the single-acting Cornish engine in 
efficiency of performance. 

A steam-pump and boiler in one are illustrated by Figs. 138, 
139, 140, specially adapted for supplying water for fountains, 
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ndlway etatloiiB, Ac. The pomp knd enfpne, which nc hori- 
BonUl, arc mounted npOD  tocomotiTe-boiler, which reeta on 




tosr-:^^^sa°^^ 



Tig. ISS.-ecmipoHable B 



ID poinp and Boiler Bide Heratiun 



two cast-iron pcdestak. The speed of the engine is reduced by 
gearing to give the speed of the pump. This engine, rated 05 
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of three nominal horse-power, is capable of raising from 4,000 
to fil^OOO cubic feet of water 115 feet high in ten hoars. 



^ 




Fig 140.— Semi-portable Steam Pump and Boiler. End Elevation. 

Three varieties of a class of vertical pumps — donkey- 
pumps, as they are called — worked direct from a steam-cylin- 
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der, are shown in FigB. 141, 142, 143. Each of these has two 
air-veaeels — one for the suction, and one for the delivery ; 



KgB. lU Mid 142. -Vertical Donkey- pnmra. 



Pig. 1(3.— Tertical Donkey-pomp. 

SO that the water ia drawn in and forced out in a stream. 
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nearly, if not quite, continuous, by the pump-ram, which is 

single -acting. By this means, the working of the engine is 



Fig. lU.— Donlde-actiDg Eydnulic FimipB, 
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independent of the distance from or to which the water may 
be fetched or forced, inasmuch as the water, being permitted 
to continue in motion in the pipes in one direction, is not 
stopped and started at every stroke. In the first and second 
pumps, the fiy-wheel is driven by means of a slotted-frame 
movement; and in the third, side connecting-rods and 
guide-bars are used. The second pump is used for working 
against great pressures. 

An arrangement of double-acting steam hydraulic pumps 
is shown by Fig. 144, designed by lilr. F. O. Ward. On a 
hollow bed, serving also as a cistern, are fixed a steam-engine 
and a system of force-pumps worked in pairs by connecting- 
rods, the speed of the engine being reduced by intermediate 
gearing. 

Portable Engines, 

The demand for, and the use of, portable engines — that is, 
engines which with their boilers are movable on wheels — 
has arisen nearly altogether since 1851. They are specially 
useful for supplying steam-power out of doors,^ — in the field, 
for agricultural and other operations, and in the yard, for all 
purposes where the power of horses has been employed. 
Portable engines are usually of eight nominal horse-power, and 
are constructed with boilers of the locomotive type, with in- 
side fire-box and fine-tubes ; and the cylinder or cylinders 
(if two in number) are fixed on the top of the boiler at one 
end, and the crank-shaft at tlie other. Practically, the 
boiler constitutes the foundation, or base, of the whole struc- 
ture. Fig. 146 is an average example of portable engines ; 
the chimney being turned down over the boiler when not in 
steam. 

The flue-tubes of portable-engines are of various 
diameter, from 1^ to 2| inches in diameter outside, and from 
5 feet to 7J feet long ; and they vary from 35 to 80 in 
number. The area of fire-grate varies from 3 to 7 square 
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feet, and the heatiDg sarface from 160 to 280 eqaue feet. 



The cylinders vary from 7i to 9^ inchea in diameter, and 
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from 12 to 14 inches stroke^ they are generally steam- 
jacketed. The pressure in the hoiler is in general 80 Iba. 
per square inch, though 120 lbs. has been used. The engine 
weighs (empty) from 3| io 4 tons. 

The improvements that have been made in portable 
engines since 1851, both in construction and in economy of 
fuel, are remarkable. The results of the performance of 
engines in that year have already been given at page 83. 
In the trials of the portable engines which were tested in 
1872, at the Exhibition of the Royal Agricultural Society, 
at Cardiff, the following were the average general resuke 
arrived at : — 

Indicator horse-power 9*1 to 24*S T.H.P. 

Dynametric horse-power, at fly-wheel shaft, 

ratio to indicator horse-power . . . 82^ per cent. 
Coal (Langennech) consumed per indicator 

horse-power . . 2*38 to 4*94 lbs. ; average, 4 02 Ibe. 

Coal per square foot of grate per hour . . 17*6 lbs. 
Water as supplied and evaporated at 212'' F., 

per lb. of coal , 9*85 lbs. 

Heating surface per indicator horse-power . 13 square feeK 

Steam consumed per indicator horse-powor . 32*5 lbs. 
Proportion of heat- value of work done «t the 

brake to the total heat- value of the coal . 4} per cent 

The instrnctlve lessons of the portable engine prove clearly 
the vital importance of thoroughly protecting the steam- 
cylinders by steam-jackets or lagging, or both. To these 
appliances, in conjunction with expansive working, are due the 
marked economy of fuel, and the increased efficiency, with 
which the most recent portable engines perform their duty. 

Traction -Evgrnes, 

Traction-engines were originally devised to supersede 
horse -power on common roads, previously to the general 
adoption of railways for purposes of transport. The rail- 
ways set them aflide for a time ; but within the last fifteen 
or twenty years the employment of traction-engines has been 
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revived. It hu been established tbal, od the best orilinaTy 
roads, the he^vieat loads can be drawn with greater economy 
by eteam-power than by horse-poirer ; and that, in agcending 
or descending the etcepest hilU, or in passing over soft and 
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■narsby ground, where no roada exist, traction -enginea have 
taken loads whiuh conid not have been transported by any 
available number of horses. Traction-engines are commonly 
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fitUd with two sp«eda — fut and alow — one or otber of wblo'h 
nay be pot in gear, according to the load and the road. 
They are alao fitted with eleeriug apparatoB, applied to the 



Fig. UT.— ATeling>< Trootioa-Eiigliw. 

fore wheels. Like portable en^ineei, they are made witli 
locom oti ve-hoilera. 
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Boydell's traotion -engine, E^g. 116, wu constructed with 
au "endless roilvray," being a system of wooden trams or 
shoes hnng ronnd each wheel, which are saccesuvely l&ld 
down on the gronnd for the wheel to advance over them, 
and lifted after the wheel is past. Aa the shoes were broad 



Vif. W.-BfAcr'iiTnstion&v'iic. 

and flat, they aftbrded a greater bearing for the wheel than 
conid be commanded by wheels which ran directly on the 
groand. Tho tear and wear of the traniB was so great a* 
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to had to the abandonment of this Bystem for traetion 
engines. 

The traction engine of Messrs. Aveling and Porter, 
Fig. 147, has bat one steam -cylinder, placed on the top of the 
boiler. The crank-shaft is connected to the driying- wheel* 
with but one speed, by means of an intermediate shaft with 
toothed gearing, from which the motion is transmitted by 
an endless chain over a chain wheel on the driving axle. 
The engine ia steered in a pecnliar manner, by means of a 
single disc wheel in a triangular frame, projected from the 
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leading axle, in advance of the engine. This wheel is 
swivelled on a central pivot, with a suitable lever, worked by 
the steersman, who occupies a seat in front of the engine. 
The rims of the driving wheels, in the design shown in 
Fig. 147, which areof cast iron, are deeply indented, in order 
to afford the necessary grip for propiilsion. In some recent 
designs, the rims of the wheels are made of wrought iioit, 
with strips of the same material riveted on the circumference, 
diagonally across. 

In the traction engine. Fig. 148, by Messrs. Robey and Oo., 
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the driving-wheels are driven by means of two pairs of pitch- 
chains and an intermediate shaft. 

The ** steam elephant/' Fig. 149, constructed by Messrs. 
Taylor and Go., has three speeds, and the weight rests on 
blocks of india-rabber. The engineman and steersman stand 
on one platform behind the driving-wheels, and the engine 
may run either way. The engine is provided with a wind- 
ing apparatus, by means of which it can load its own trucks. 
The boiler is arranged to be as short as possible, with the 
object of ascending or descending steep hills without nn« 
covering the fire-box or the flue -tubes; it rests on the frame 
of the engine, and is fixed to it without itself forming any 
part of the frame. The chimney passes through the dome of 
the boiler, and the waste heat is to some extent utilised io 
drying the steam* 
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AGRICULTURAL Engines, 
see Portable Efigines 

Air, its weight and pressure, 91 ; 
expansion of, 121, 137 ; table 
of volume of one pound, 121 ; 
composition, 140 

Air in steam-boilers, by Fitz- 
gerald, 39 

Air-engine, Hero's, 5 

Air rotatory engine. Hot, by 
Amonton, 29 

Air-engine, Hot, by Ericsson, 75 

Air-gauge, 99 

Alberti, on the explosive force of 
steam, 13 

Allen, on propelling ships by re- 
action of water, 36; firebox - 
boiler, 36 

Altar-eneine, Hero's, 7; as a 
crane, Dy De Cans, 10, 11 

American river steamboats, 72 

Amonton's hot-air rotatory en- 
gine, 29 

Aneroid barometer. Dent's, 95 

Anthemius, conveyance of steam 
in pipes, 13 

Archmiedes, his defensive engines, 
4 

Atmosphere, pressure of, con- 
trivances to prove, by Otto 
Guericke, 20 

Atmospheric engine, by Papin, 
25 ; by Newcomen, 31 ; by 
Smeaton, 42 

Auxeim and Perrier, paddle-pro- 
peller, 57 

Aveling's Traction-engine, 334, 
336 

BAROMETERS, 91; calcula- 
tion of heights by, 94 ; ane- 
roid barometer, 95 



Beighton, his hand-gear, 35 
Belidor, on the steam-engine, 39 
Bell, steamboats, 72 
Benson's sectional steam-boiler, 

240 
Black, on the properties of steam, 

40 
Blakey, tubular boiler, 41 
Boiler, by Oliver Evans, 60 ; by 

Trevithick, 68 
Boilers, modem : — comparative 
evaporative power of, 154 
Definitions of parts of boilers, 

225 
Waggon-boiler, 52, 226 
Cylindrical egg-end boiler, 

226, 232 
Spherical boiler, 227 
Cornish flue- boiler, 228 
Lancashire flue-boiler, 229 
Galloway flue-boiler, 230 
French or Elephant boiler, 

231 
Horse-power and evaporat- 
ive performance of flue- 
boilers, 232 ; upright 
boilers, 234, 237 ; sec- 
tional boilers, 241, 242 
Multitubular boilers, 233 ; 
boilers at Saltaire, 233; 
Cater and Walker's boiler, 
234 
Upright boilers, 234 ; the 
Field boiler, 235; thenozzle 
boiler, by the Reading 
Lx)n Works, 236 
Strength of steam-boilers, 237 
Ordinary working pressure, 

239 
Sectional steam-boilers, 240 ; 
Benson's, 240; Howard's, 
241 
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Boiling points of fluids, 212 
Boulton, Watt's partner, 57 
Boydell's traction-engine, 333, 

335 
Bramah press, 104 
Branca, application of impulsive 

force of steam, 17 
Bressen, his pamphlet on steam, 

14 
Brown, gas-engine, 74 
Buckle, equalising motion, 51 
Bushnell, proposal for propelling 

ships, 23, 57 

CARBONIC acid, compressi- 
bility of, 89 
Cardan, his knowledge of steam ; 
invention of the smoke-jack, 14 
Carrett, Marshall and Co., hf>ri- 
zontal compound engines by, 
318 
Cartwright, steam-engine, 70 
Cans' s, De, snn fountains, 9; 
altar-engine as a crane, 10, 11 
Caus, Solomon de, on steam, 16 ; 

engine for forcing water, 17 
Cecil, proposals for explosive en- 
gine, 74 
Circle, table of areas of segments 

of, 108; rule, 110 
Clark, D. K., on the average 
composition of coal, 148 ; table 
of the properties of saturated 
steam, 217 ; investigations st 
the behaviour and condition of 
steam in the cylinders, 260 
Coal, 150 

Composition, 148, 150, 159, 

162 to 168, 170, 171, 172 
Report on Coals suited to the 
Moyal Navy, by Delabeche 
and Play fair, 151 ; evapora- 
tive value, 151 ; mechanical 
structure, 157; combustible 
character, 158 ; chemical 
composition, 159 ; calorific 
value, 160; Welsh coals, 
162 ; Newcastle coals, 164 ; 
Lancashire coals, 166 ; 
Derbyshire coals, 168 ; 
Scotch coals, 168; patent 
fuels, 168 
Evaporative power, 151 ; 
Wicksted'a experiments. 



152; Parkes and Manby's 
experiments, 153, 221 ; 
comparative evaporative 
power of coal and coke, 156 
Coking quality, 155 
Mechanical structure, 157 
Combustible character, 158 
Distillation, destructive, of 

coals, 160 
Ashes, incombustible matter, 

160 
Calorific value, 160 ; of hy- 
drogen in coals, 174 
Tables of properties of Welsh, 
Newcastle, Lancashire, 
Derbyshire, Scotch and 
other coals, 162 to 168; 
tabular summary, 170 
Table of properties of patent 

fuels, 168 
Table of chemical compo- 
sition of foreign and co- 
lonial coals, 171 
Ammoniacal products of 

coals, 178 
Table of chemical compo- 
sition of American coals, 
172 
Coal-gas, produced by various 
coals, 173 ; heating power, 
174 
Cock, two-way, by Papin, 28 
Coke, 178 

Waste of heat from coke- 
ovens, 179 
Hard coke and soft coke, 180 
Hygroscopic water, 181 
Coke-ovens, 183, 184, 186 
Combustion, 138, see Heat 
Compound engines, by Horn- 
blower, 58 ; by Woolfe, 66 
Compound steam-engines, 294, 

see Steam-engine 
Compressibility of gases, 89 
Conductibility of metals, 213 
Cornish boilers, 228 
Cornish engine at East London 

Waterworks, 323 
Cugnot, model locomotive by, 4v 



DAGUET, propelling boats by 
revolving oars, 28 
Dent, his aneroid barometer, 95 
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Heatiog by steam, by Platte, 15 
Heights, calculation o( by means 

of barometers, 94 
Hero, his inventions, 4 ; hot-air 

engine, 5 ; rotatory engine, 6 ; 

altar-engines, 7 
Hi«4h-pressurc engine, by Oliver 

Evans, 60 
Historical notice of steam and the 

steam-engine, 1 
Homer, on navigation, 2 
Homblower, compound engines, 

58 ; rotatory engine, 58 
Horse-power and performance of 

boilers, 232 
Horse^power of steam - engines, 

292; of condensing engines, 292 
Howard's sectional boiler, 241 
Hull's steamboat, 37 
Hygroscopic water in coal and 

coke, 181 
Hyperbolic logarithiDS, table of, 

283 

Impulsive: force of steam, 
application of, by Branca, 17 
Indicators, 258 ; McNaugh^*?r 
259; Richard's, 259 

JACK of Hilton, 22 
Jeu&ey, Marquis de, steam- 
boat by, 58 
Joule's equivalent of heat, 137 
Joyce's pendulous engine, 63 

KIRCHER, steam-fountain by, 
21 

LANCASUIRE boilers, 229 
Latent heat of steam, 40 
Leupold's pumping-enginc, 35 ; 

other inventions, 36 
Lique&otion of gases, experiments 

on, 86 
LooomDtioa by veaction of steam, 

by Newton, 24 
Locomotive model, by Ougnot, 43 
Locomotive, for oommon rosids, 

by TFOvithiok, 68 

MARINE engine by Papin, 27 
IMtbeekis, on the power 
of steam, 15 
Meronrial gauges, 97 



Metals, conduotibility of, 213 
Miller's steamboat, 63 
McNaught, W., compound en- 
gines by, 309 
Moiland, engine for forcing 

water, 22 
Moura, self-acting injection-cock, 

37 
I Multitubular boilers, 233 ; boilers 

at Saltaire, 233; Cater and 

Walker's bofler, 234 
l^Iurdock, eccentric valve-motion, 

61 ; rotatory engine, 61 ; his 

other inventions, 62 
Music by steam, by Drebbel, 18 



NAPIER, David, steamboat, 73 
Newcomen's atmospheric 
engine, 31 
Newton, locomotion by reaction 

of steam, 24 
Nuncarrow, condenser for Sa- 
vary's engine, 65 

OAR-BOAT, by Prince Palatine 
Robert, 24 
OiT propeller, steamboat with, by 
f V^itch, 60 
I Oars, revolving, propulsion by, 
. by Dag^et, 28 
Organ, application of tteam-power 

to, by Gerbert, 13 
Oscillating engine, by Penn, 62 



PADDLE-WHEEL boats. Ro-. 
man, 13 
Palalinc Robert, Prince, oar-boat, 

24 
Papin, his digester, 25 ; atmo- 
spheric engine, 25 ; marine 
engine, 27 ; two-way cock, 28 
PanUlel motion, by Watt, 48 
Payne, steam-gemerator, 39 
Peat, 191 

Pendulous eng[Uie, by Joyce, G3 
Penn's oscillating engine, 62 
Pipes, conveyance of steam iii 

by Anthemius, 13 
Plato, his definition of steam, 3 
Platte, on tiM oonstitution of 
steam, and its -application for 
headiiig, 15 
Ploughing by steam, by Ramsay, 
17 
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Ploughing by flteam, 83 

Porta, hiB engine for forcing 
water, 16 

Portable engines, 80, 239, 330 

Potter, self-acting hand-gear, by, 
33 

Pressure, ordinary working, in 
steam-boilers, 239 

Pressare-gau^es, 91 ; barometers, 
91 ; mercurial gauges, 97 ; air- 
gauge, 69 ; thermometric gauges, 
100 ; spring gauges, 101 

Propulsion of snips by reaction of 
water, by Allen, 36 

Pump, hydraulic, by F. O. Ward, 
829, 330 

Pumping engine, by Leupold, 
35 ; by Trevithick, 67 ; Cornish 
engine at East London Water- 
works, 323 ; semi - portable, 
326 

"p AMELLI, his publications 

Xt on steam, 15 

Ramsay, his applications of steam 

power, 17 
Ratchet - motion, 38 ; Was- 

brough's, 57 
Reaction of steam, Newton on 

locomotion by, 24 
Reading Iron Works, nozzle 

boilers, 236 ; horizontal engines 

by, 311, 316 
Revaz, explosive engine, 74 
Rivault, on the explosive force of 

steam, 16 
Rivet-joints, strength of, 237 
Roasting steam-engine, 16 
Robertson, double-piston cylinder, 

65 
Robey*s traction engine, 336, 330 
Roman paddle-wheel boats, 13 
Rotatory engines ; Hero's, 6 ; 

Amonton*s, 29 ; Hornblower*s, 

68; Murdock's, 61; Sadler's, 

66 
Rumsey, steamboat, 60 

SADLER, steam engine by; 
rotatory engine, 66 
Saltaire, engines and boilers at, 

306 
Salter's balance, 101 



Savary, his engine for forcing 
water, 29 ; Nuncarrow's modi- 
fication, 66 
Shells, bursting of, by water, 103 
Smeaton, atmospheric engine, 42 
Smoke-jack, invention of, by 

Cardan, 14 
Smoke -jack, screw like, by 

Stevens, 73 
Specific heat, 134, 164 
Spherical boilers, 227 
Spring gauges, for pressiure, 101 
Squire's electro-locomotive, 74 ; 

gunpowder engine, 24 
Stanhope, Earl, steamboat, 64 
Steam, specific heat of, 164 

General notions on steam, 

194 
Investigations on the pro- 
perties of steam, 199 ; by 
Zeigler, Betancourt, and 
Robinson, 199 ; French 
Academy, Regnault, 200 
Elastic force, 201 ; table by 
Dalton, 202 ; experimental 
apparatus, 203 ; table 
by Arago and D along ; 
experiments and tables tiy 
the Franklin Institute, 206 
Pressure and expansion of 
steam, 214 ; relation of 
pressure, density, and tem- 
perature, 216 
Table of the properties o{ 
saturated steam, by D. K. 
Clark, 217 
Flow of steam, 222 
Steam in the cylinder, distri- 
bution of, 246, 249 ; action 
of, 260 to 272 
Work of, without expansion, 

276 
Efficiency of the heat applied, 

280 
Work of steam with conden- 
sation, 281 
Work of steam with expan- 
sion, 282 
Table of hyperbolic loga- 
rithms, 283 
Mr. David Thomson's table 
of pressure of steam worked 
expansively, 286 
Hyperbolic curve of oxpan- 
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sion, 287 ; calculation of 
work, 288 
Steamboat, by De Garay, 13; 
Hull's, 37; Rumsay, 60; Fitch, 
60 ; by Patrick Miller, 63 ; by 
Earl Stanhope, 64 ; by Syming- 
ton, 69 ; by Fulton, 71 ; Ameri- 
can river, 72 ; by Bell, 72 ; by 
Stevens, 73 ; by Dodd, 73 ; 
David Napier, 73 
Steam-engines, modem : — defini- 
nilions, 243 ; classification, 244 ; 
distribution of steam in the 
cylinder, 246, 249 ; vacuum, 
248 
Movements of the piston, the 
valve, and the steam, 251 ; 
geometrical illustration, 
252 ; obliquity of the con- 
necting rod, 253 
Movement of the slide valve, 

255 ; diagram, 256 
Indicators, 258 ; McNaught*s, 

259 ; Eichard's, 259 
Indicator-diagrams, 261 to 

271 
Action of steam in the cylin- 
der, as represented by the 
indicator-diagram: inves- 
tigation by D. K. Clark, 
260 ; action during ad- 
mission, 265 ; during ex- 
pansion, 267; during ex- 
haustion, 270 ; back pres- 
sure, 272 
Horse-power, 292 
Compound steam • engines, 
294 ; Mr. David Thomson 
on, 299; Pole on the Woolf- 
engine ; receiver-engine, 
302 
Description of steam-engines, 

305 
Beam-engines, 305 ; com- 
pound beam-engines, 309 
Horizontal engines, 311 ; 
horizontal compound-en- 
gines, 318 
Vertical steam-engines, 318 ; 
inverted-cylinder engines, 
321 
Pumping-engines, 323 
Portfible engines, 330 



Traction-engines, 332 
See Steam. 
Stevens, steamboat ; i;ubulous 

boiler, 73 
Street, turpentine engine, 74 
Strength of steam-boilers, 237 ; 
of boiler-plates, 237 ; of joints 
of plates, 237 
Symington, steamboat, 69 

TABLES, see list of Tables at 
commencement 
Taylor's traction-engine, 336 
Temperature, absolute, of gases, 

87 
Thermometers, 121 
Thermometric pressure-gauge, 100 
Thomson's, Mr. David, table of 
pressures of steam worked ex- 
pansively, 286 ; his paper on 
compound engines, 299 
Trevithick, pumping-engines, 67 ; 
cast-iron boiler, 68 ; common- 
road locomotive, 68 
Tubular boiler, by Blakey, 41 
Tubulous boiler, by Stevens, 73 
Turpentine engine, by Street, 74 
Traction engines, 332 ; Boydell's, 
333, 335 ; Aveling's, 334, 336 ; 
Robey's, 335, 336; Taylor's, 
336 

UPRIGHT boilers, 234, 237; 
the Field boiler, 235; nozzle- 
boiler, 236 

VALVE-MOTION, eccentric, 
by Murdock, 61 
Vitruvius, his notion of steam, 
14 

WARD, F. O., hydraulic pump 
by, 329, 330 
Waggon boilers, 52, 226 
Wasbrough, ratchet-motion, 57 
Water, its composition, 102 ; ex- 
pansive power, 103; forcing 
power, 104 ; weight and mea- 
sure, 106, 106 ; table of weight 
of one gallon, 106; impurities, 
116 ; purification of water, 117 
Water, engines for forcing, see 

Forcing water 
Waterworks, East London, Cor 
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uish lK>i]er, 229 ; pntnpiDg-en- 
gino, 323 
Watty fftngle-aoting engine, 48; 
double-acting CTlinders, 46, 
65; paralleUmotion, governor, 
throttle>TalTe, 48, 49; gon-and- 
planet motion, 60 ; wnggon 
noiler, 52; his partner Boulton, 
67 



Wilkins, on flying by steam, IS 

Woolfb, compound engine; tu- 
bular boiler, 66; oomponnd 
engine, 297, 802 

Worcester, Marquis of, bis jiven- 
tions ; engine f<vr fornne water, 
19 

Work of steam, see St$am, 
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THE MECHANICAL HANDLING OF MATERIAL. 

A Treatise on the Handling of Material such as Coal, Ore, Timber, &c. , 

by Automatic or Semi- Automatic Machinery, together with the Various 

Accessories^ used in the Manipulation of such Plant, and Dealing fully with 

the Handling, Storing, and Warehouang of Grain. By G. F. Zimmer, 

A.M.Inst.C.E. 528 pages Royal 8vo, cloth, with 550 Illustrations (including 

Folding Plates) specially prepared for the Work . . Xfi 25/0 

" The autnor has spared no pains to make his work truly representative of all that has been 

done in this line from the earliest days up to and including installations of the latest type and most 

recent date. It is an essentially practical work written by a practical man, who is not only 

thoroughly acquainted with his subject theoretically, but who also has the knowledge that can 

only be obtained by actual experience in working and planning installations for the mechanical 

handling of raw material. It is a work that everyone who is really interested in the economical 

side of the question should Study."— The Times. 

HOISTINQ MACHINERY. 

An Elementary Treatise on. Including the Elements of Crane Construction 
and Descriptions of the Various Types of Cranes in Use. By Joseph 
Horner, A.M.I.M.E., Author of " Pattern- Making," and other Works. 
Crown 8vo, with 215 Illustrations, including Folding Plates, cloth. Net 7/6 
" We commend this excellent book to all who make use of hoists and cranes. Mr. Homer 

has had a long and varied experience in the work of crane building, and is properly qualified to 

impart useful and reliable information to others."— T^A^ Builder, 

AERIAL OR WIRE-ROPE TRAMWAY5. 

Their Construction and Management. By A. J. Wallis-TavlvKi A.M.Inst.C.E. 

With 8z Illustrations. Crown 8vo, cloth 7/6 

" An excellent volume, and a very good exposition of the various ssrstems of rope transmissioa 
in use and gives as well not a little valuable information about their working, repair, and manage- 
ment. We can safely recommend it as a useful general treatise on the sublect."— £n£^>Mrr. 

MODERN MILLING MACHINES. 

Their Design, Construction, and Working. A Handbook for Practical Men 
and Engineering Students. By Joseph Horner, A.M.I.Mcch.E., Author of 
•' Pattern Making," &c. With 269 Illustrations. Medium Bvo, cloth 

Uust Fublished. Net 12/6 
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MODERN MACHINE 5H0P TOOLS. 

A Practical Treatise describing in every detail the Construction, Operation 
and Manipulation of both Hand and Machine Tools ; being a work of Practical 
Instruction in all Classes of Machine Shop Practice, including Chapters on 
Filing, Fitting and Scraping Surfaces ; on Drills, Reamers, Taps and Dies ; 
the I^the and its Tools ; Planers, Shapers and their Tools ; Milling Machines 
and Cutters; Gear Cutters and Gear Cutting; Drilling Machines and Drill 
Work; Grinding Machines and their Work Hardening and Tempering, 
Gearing, Belting, and Transmission Machinery; Useful Data and Tables. 
By William H. Van Dekvookt,M.E. Fourth Edition. Illustrated by 673 
Engravings. Medium 8vo, cloth A^ei 2 I/O 

TOOLS FOR ENGINEERS AND WOODWORKERS. 

A Practical Treatise including Modem Instruments of Measurement. By 

iosEPH Horner, A.M.Inst.M.E., Author of "Pattern Making," &c. 
>cmy 8vo, with 456 Illustrations. [Just Publisfud. 9/0 n^/. 

" As an all-round practical work on toob it is more comprehensive than any with which we 
an acquainted, and we have no doubt it will meet with the \aigt measure of success to which its 
merits fully entitle it."-~Afechanuai H''orld. 

summary of contents :— introduction.— general survey of tools.— tool 
angles.— sec. i. chisel group.— chisei5 and applied forms for woodworkers. 
—Planes.— Hand Chisels and Applied Forms for metal Working.— Chisel-like 
TOOLS FOR METAL Turning. Planing, &c.— shearing Action and Shearing Tools.— 
Sec. II. Examples of Scraping Tools.— Sec. hi Tools— Relating to chisels and 
Scrapes.— SAWS.— Files.— Milling Cutters.— Boring Tools for wood and Metal. 
—Taps and Dies,— Sec. IV. percussive and Moulding Tools.— Punches, Hammers 
AND Caulking Tools.— moulding and modelling Tools.— miscellaneous tools. 
—Sec. V. hardening, tempering. Grinding and sharpening.— Sec. vi. tools 
for Measurement and Test.— Standards of Measurement,— Squares, Surface 
Plates, levels. Bevels, Protractors, &c.— Surface Gauges or Scribing Blocks. 
—Compasses and Dividers.— Calipers, Vernier Calipers, and Related Forms.— 
—Micrometer Calipers.— Depth Gauges and Rod Gauges.— snap Cylindrical and 
Limit Gauges.— Screw thread, wire and reference Gauges.— indicators, etc. 

ENGINEERS' TURNING IN PRINCIPLE & PRACTICE. 

A Handbook for Working Engineers, Technical Students, and Amateurs. 
By Joseph Horner, A.Nl.I.Mech.E., Author of " Pattern Making," &c. 
Large Cr. 8vo, cloth, with 48S Illustrations. [Just Published. Net 9/0 

Summary op Contents :— Introduction.— Relations of turnery and machine 
SHOP.— Sec. I. THE Lathe, Its work, and tools.— Forms and Functions of Tools. 
Remarks ON Turning in General.— Sec. II. Turning Between Centres.— Centring 
AND Driving.— Use of Steadies. —Examples of Turning Involving Lining-out 
FOR Centres.— Mandrel work.— Sec. III. work Supported at One End.- Face 
PLATE Turning.— ANGLE plate turning.— independent Jaw chucks.— Concentric, 
Univrrsal, Toggle, and applied Chucks.— Sec. IV. internal work.— Drilling, 

BORING. AND ALLIED OPERATIONS.— SEC. V. SCREW CUTTINGS AND TURRET WORK. 
—Sec. VI MISCELLANEOUS.— SPECIAL WORK. — MEASUREMENT, GRINDING. — TOOL 
HOLDERS- SPEED AND EEDS, TOOL STEELS.— STEEL MAKERS' INSTRUCTIONS. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. Grmbial 
Enginbbring Data. Part II. Boilbk Constkuction. With 51 Plates and 
numerous Illustrations. By Nelson Folbt, M.I.N. A. Second Edition, 
Revised throughout and much Enlarged. Folio, half-bound . Net £3 3t* 

PART L— MBASURBS.— ClRCUMFBltENCES AND ARBAS &c.,— SQUARBS. CUBBS, 
FOURTH POWERS.— SQUARB AND CUBB ROOTS.— SURFACE OF TUBES.— RECIPROCALS.— 
LOGARrTHMS. — MENSURATION.— SPECIFIC GRAVITIBS AND WEIGHTS.— WORK AND 

POWBR- — HEAT.— COMBUSTION.— Expansion and contraction.— expansion of 
Gases.— Stbam.— STATIC Forces.- gravitation and attraction.— motion and 
Computation of Resulting Forces.— accumulated Work.— Centre and Radius 
OF Gyration.— MOMENT of Inertia— Centre of Oscillation.— Elbctricitv.— 
Strength op Materials.— Elasticity.— test sheets of Metals.— Friction.— 

TRANSMISSION OF POWER.— FLOW OF LIQUIDS.— FLOW OF GASBS.— AIR PUMPS. SURPACB 

Condensers. &c.— Speed of stbamships.—Propbllbrs.— Cutting Tools.— Flangbs. 
—COPPER Sheets and tubes —Screws, Nuts, Bolt heads, &c.— Various recipes 
and Miscbllanbous Matter.- wrrn DIAGRAMS for Valvb-Geab. Belting and 

ROPBS. DISCHARGB AND SUCTION PIPES. SCRBW PROPBLLBRS. AND COPPER PIPES. 

PART II.— TREATING OF POWBR OF BOILERS.- USEFUL RATIOS.— NOTBS ON 
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS. — CIRCULAR FURNACES. — FLAT 

PijiTES STAYS. — Girders.— SCREWS. — hydraulic Tests. — Riveting. — Boilbr 

SETTING, CHIMNEYS. AND MOUNTINGS.— FUELS, &C.— EXAMPLES OF BOILERS AND SPEEDS 
OF STEAMSHIPS.- NOMINAL AND NORMAL HORSE POWER.— WITH DIAGRAMS FOR ALL 
BOILBR CALCULATIONS AND DRAWINGS OF MANY VARIETIES OF BOILBRS. 

" Mr. Foley is well fitted to compUe such a work. The diasframs are a great feature of the 
work. It may be stated that Mr. Foley has produced a Tolume which will undoubtedly fulfil the 
desire of the author and become indispensable to all mechanical engineers."— ^artfM^ Engiiutr. 

" We have rarefiiOy examined this work, and pronounce it a most eircellcnt reference bork 
for the use of marine engineers."— y^Mma/ c/ American Society c/A€tvtU En^ntcrs, 
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THB W0RK5' MANAOER'5 HANDBOOK. 

Comprising Modern Rules, Tables, and Data. For Engineers, Millwrights, 

and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 

Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, 

Author of "The Practical Engineer's Handbook." Sixth Edition, carefully 

Revised, and Enlarged. Medium 8vo, strongly bound . . . 15/0 

B9^ Th$ Author having compiled RuUs and Data /or his own us* in a grua 

variety of modem tngineerin^ work, and having found hts notes txtremely ustful, 

decided to publish them — revised to date — believtng that a practical work, suited to 

the DAILY KBQUiRBMBNTS OP MODERN BNGiNBBRS, wouid oe favour(U)ly received. 

" The author treats every subject from the point of view of one who has collected worlcshop 
notes for appUcatioil in worlcshop practice, rather than from the theoretical or literary aspect. The 
volume contains a great deal of that kind of information which is gained only by practical experience, 
■nd is seldom written in books."— 7''A« Eng truer. 

"The volume is an exceedingly useful one, brimful with engineer's notes, memoranda, 4md 
rules, and well worthy of being on every mechanical engineer's \)Ooi^(e\L"— Mechanical fVorfd. 

STEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 
Containing a large Collection of Rules and Data relating to Recent Practice 
b the Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 
Foiurth Edition, carefully Revised, and Enlarged. Medium 8vo, over 680 pages, 

cloth, strongly bound • . . 1 8/0 

Bl^ This Work is issued in cotUinuaHon of the Series of Handbooks written 
by the Author, vis. : — "The Works' Manager's Handbook " and " The Practical 
Engineer's Handbook," which are so highly appreciated by engineers for the 
practical nature of their informaHon ; and is consequently written in the same style 
as those works. 

" One of the best, if not the best, books on boilers that has ever been published. The Infbr. 
mation is of the right kind, in a simple and accessible form. So far as generation is concerned, this 
Is, undoubtedly, the standard boolc on steam practice."— £'/r<-/ru»/ Review. 

" Every detail, both in boiler design and management, is clearlv laid before the reader. The 
volume shows that bofler construction bas been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the /in tie siicte Engineer and Works Manager." 
—Marine Engineer. 

" There has long been room for a modem handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book tor those who are occupied 
in the construction, design, selection, or use of hoXLm."— Engineer, 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Horner, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown Svo, cloth . . 7/8 

" This work is characterised by that evidence of cloie acquaintance with workshop methods 
which win render the book exceedingly acceptable 10 the practical hand. We have no hesitation 
in commending the work as a serviceable and practical handbook on a subject which has not 
hitherto received much attention from those qualified to deal with It in a satisfactory manner.".- 
Mechanical World. 

A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.E. 

Fifth Edition. x2mo, cloth C/Q 

" The best treatise that has ever been published on steam boileis."— ^Mj^iMcr. 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on Lightning Conductors, 
By Robert Wilson, A.I.C.E., Author of " A Treatise on Steam Boilors," &c. 

Crown Svo, cloth 3/6 

" A valuable contribution to the literature of scientific building."— 7%« Builder. 

BOILERMAKER'S ASSISTANT. 

In Drawing, Templating, and Calculating Boiler Work, &c. By J. 
Courtney, Practical Boilermaker. Edited by D. K. Clark, C.E. Seventh 

Edition. Crown Svo, cloth * « . . 2/0 

" With very great care we have gone through the ' Boilermaker* Assistant and have to say 

that it has our own unqualified approval Scarcely a point has been omitted."— Fcremau 

Engineer. 
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BOILERMAKER'S READY RECKONER. 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. Clark, 
M.Inst.C.E. Crown 8vo, cloth 4/0 

" A most useful work. No workman or apprentice should be without it."— Iron Trade 
Circular. 

BOILERMAKER'5 READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtney, Edited by D. K. Clark, 
M .Inst.CE. Fifth Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, half, 
bound 7/0 

•<,♦ This Work consists 0/ the two previous mentioned volumes, " Boilermaker's 
Assistant," and "Boilermaker's Ready Reckoner," bound together in 
One Volume. 
" No workman or apprentice should be without this book."— /r«M Trade Circular, 

STEAM BOILERS. 

Their Construction and Management. By R. Armstrong, C.E. Illustrated. 

Crown 8vo, cloth 1/6 

" A mass of information suitable for beginners."— Z>^x>;^» and ffcrJt, 

THE PRACTICAL ENGINEER'S HANDBOOK. 

Comprising a Treatise on Modem Engines and Boilers, Marine, Locomotive, 
and Stationary. -And containing a large collection of Rules and Practical 
Data relatine to Recent Practice in^ Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a com- 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of "The Works' Manager's Handbook 
for Engineers," &c. With upwards of 490 Illustrations. Sixth Edition, 
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. 1 8/0 
B9^ This Work is designed as a companioH to the Author's "Works* 
Manager's Handbook." It possesses many new and original features, and con- 
tains, like its tredecessor, a quantity of matter not originally intended for publication 
but collected oy the Author for his own use in the construction of a great variety of 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 420 Engravin^s ; and comprises a quantUy of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilers, 
affdf other Engineering Work. 

" We have kept It at hand for several weeks, referring to It as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were in quest." 
—A/JuHoufn. 

" A thoroughly good practica handtmok, which no engineer can go through without learning 
something that will be of service to him." —Maring Engituer. 

'* An excellent book of reference for engineers, and a valuable text-book or students of 
engineering. "--5c0<f>naM . 

"This valuable manual embodies the results and experience of the leading authorities on 
mechanical engineering."— ^m«AA'm^ Ivrws. 

" The author has collected together a surprising quantity of niles and practical data, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium. "--£fifv«M«r. 

" A mass of information set down in simple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where It will rank as 
oie of the most useful books of reference."— /VocMca/ Bng%n«€r. 

" Full of useful hiformatlon. and should be found on the office shelf of an practical engineers." 
—Eng'lish Mechanic. 

TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Gas Engines and Part II. on Heat EngiI^bs. By 
T. M. GooDEVE, M.A., Barrist«--at-Law, Professor of Mechanics at the Royal 
College of Science, London ; Author of " The Principles of Mechanics," " The 
Elements of Mechanism," &c Fourteenth Edition. Crown 8 vo, cloth . 6/0 
"Professor Goodeve has given.us a treatise on the steam engine, which will bear comparison 
with anything written by Huxley or Maxwell, and we can award it no higher praise."— £M^fM«r. 

**Mr. Goodeve's text-book is a work of which every young engineer should possess himself. 
^Mining JoumaL 
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A HANDBOOK ON THE 5TEAM BNQINB. 

With especial Reference to Small and Mediom-siaed Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Habdbr, C.E. Translated from the German 
with additions and alterations, by H. H. P. Powlbs, A.M.I.C.E., M.I.M.E. 
Third Edition, Revised. With nearly x,zoo Illustrations. Crown 8vo, 

cloth ... Net 7/e 

** A perfect encyclopaedia of the Steam eneine and its details, and one wliich must take a per- 
manent place in Engfiish drawing-offices and woncsbops."— ^ Forttftan Pattern-maker. 

" This is an excellent book, and should be in the hands of all who are interested in the con* 
struct ioQ and design of medium-sized stationary engines. . . . A careful study of its contents and 
the arrangement of -the sections leads to the conclusion that there is probably no other book like it 
in this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achievement of this idea."— Aia/wrr. 

" There can be no question as to its value. We cordially commend it to all concerned in the 
design and construction of the steam engine."— il/«cAa»tca/ World. 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the use 
of Owners and Users of Steam Engines generally. By William Dvsom 
Wansbrough. Crown 8vo, cloth 3/6 

" This is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a £Eurm or elsewhere."'— Afisrife Lane Eic^rtss, 

THE STEAM ENGINE, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 

Practical Men. By. T. Baker, C.E. Crown 8vo, cloth . . .1/6 

" Teems with scientific information with reference to the steam-engine."— Z?«*^7* and IFork. 

THE STEAM ENGINE- 

For the use of Beginners. By Dr. Lardner. Crown 8vo, cloth . 1 /6 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
Michael Reynolds, M.S.E. Twelfth Edition. Crown 8vo, cloth, 3 '6 ; 
cloth boards AiQ 

•• We can confidently recommend the book, not only to the practical driver, but to everyone 
who takes an interest in the pecformance of locomotive engines. "-i-7Vf« Engineer. 

THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engine. By Robbkt Wbatrkr* 
BURN, MiLM.E. With Illustrations and Portraits of Gborgb and Robert 
Stbphbnson. Crown 8vo, cloth. Net 2/6 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 

between 1803 and 1903. By Clbmbnt EL Strktton, CE. Sixth Edition, 

Revised and Enlarged. Crown 8vo, cloth Net 4-/6 

"Students of railway history and aUwlto are interastad In the erolutkm of the modem 
lo :omotiTe will find much to attract and entertain In this vohime."— rA* Time*, 

THE MODEL LOCOMOTIVE ENGINEER, 

Kireman, and Engine-Boy. Comprising a HistorioJ Notice of the Pioneer 

Locomotive Engines and their Inventors. By Michael Rbynolds. Second 

Edition, with Revised Appendix. Crown 8vo, doth, 3/6 ; cloth boards. 4/6 

" We should be plad to see this book in the possession of everyone in the Un^rdom who has 
ever laid* or is to lay, hands on a locomotive engine."— /rvn, 

LOCOMOTIVE ENGINES. 

A Rudimentary Treatise on. By G. D. Dempsey, C.E. With large 
Additions treating of the Modern Locomotive, by D. K. Clark, M.Inst.C.E. 

With Illustrations. Crown 8vo, cloth 3/0 

"A model of what an elementary technical book should h^."— Academy. 

CONTINUOUS RAILWAY BRAKE5. 

A Practical Treatise on the several Systems m Use in the United Kingdom : 

their Construction and Performance. By M. Rsynolds. 8yo, cloth 9/0 

" A popular explanation of the dlfTerant brakes. It will be of gnat assistance In formlnff 
pubHc opinion, and win be studied with benefit by those who take an Interast la the brake."--£M^ii<i A 
Mechanic, 
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BNQINE-DRIVINQ LIFE. 

Sturring Adventures and Incidents in the lives of Looomodve Engine- 

Drivers. By Michabl Rktmolds. Third Edition. Crown 8vo, doth . 1 /6 

" From fint to last perfectly fiuclnatiiit:. Wilkie ColUiis's mott thrilHnflr concepdoos aie 
thrown into the thade by true incidents, endMss in their variety, related in evwy page."— A'tfrek 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 
Michael Reynolds, M.S.E. Seventh Edition. Crown 8vo, cloth, 3/6 ; 
cloth boards 4./6 

" The author is thoroughly acquainted with his subjects, and has produced a manual which is 
an exceedingly useful one for the class for whom it is specially intended."— is'n^ri'w^^n'n^f. 

THE CARE AND MANAGEMENT OF STATIONARY 

BNQINBS. 

A Practical Handbook for Men4n-charge. By C. Hukst. Crown Ivo. Net 1 /O 

THE ENGINEMAN'5 POCKET COMPANION, 

And Practical Educator for Enrinemen, Boiler Attendants, and Mechanics. 
By MiCHABL RsYNOLDS. With 45 Illustrations and ntunerous Diagrams. 
Fifth Edition. Royal z8mo, strongly bound for pocket wear * 3/6 

** A most meritorious worlc, giving in a succinct and prauctical form all the information an 
engine-minder desirous of mastering the scientific principles of his daily calfing would requixe."— 
TJu Miller. 

THE SAFE U5E OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Bnginkkk. Eighth 
Edition. Sewed 6d. 

" If steam-naets would but learn this Uttle book by heart, boiler explosions would become 
sensations by their rarity."— ^M^/irA MecfumU. 

STEAM AND MACHINERY MANAGEMENT. 

A Guide to the Arrangement and Economical Management of Machinery, 
with Hints on Construction and Selection. By M. Powis Bale, M.Inst.M.E. 
Crown 8vo, cloth 2/6 

" Gives the results of wide experience." — Lloyd's Newspaper, 

GAS-ENGINES AND PRODUCER-GAS PLANTS. 

A Treatise setting forth the Principles of Gas Engines and Producer Design, 
the Selection and InstaMation of an Engine, Conditions of Perfect Operation, 
Producer-Gas Engines and their Possibilities, the Care of Gas Engines and 
Producer- Gas Plants, with a Chapter on Volatile Hydrocarbon and Oil 
Engines. By R. E. Mathot, M.E. Translated from the French. With a 
Preface by Dugald Clerk, M.Inst.C.E., F.C.S. Medium 8vo, cloth, 
310 pages, with about 150 Illustrations. [/«5^ Published. Net 1 2/0 

" Any work on these subjects which bears the hall-mark of Mr. Ehigald Clerk's approval is 
sure to receive careful attention, but there can be little doubt about the welcome that will be 
accorded to Mr. Mathot's book for its own sake. Mr. Clerk remarks : ' I know of no work which 
has gone so fully into the details of gas engine installation and up-keep.' The author deals not 
only with the construction of the eras-engine, but also with all the details of its installation and the 
conditions essential to satisfactory working."— youmal of Gas Lighting. 

GAS AND OIL ENGINE MANAGEMENT. 

A Practical Guide for Users and Attendants, being Notes on Selection, Con- 
struction, and Management. By M. Powis Bale, M.Inst.C.E., M.I.Mech.E. 
Author of " Woodworking Machinery," &c. Crown 8vo, cloth . Net 8/6 

THE GAS-ENGINE HANDBOOK. 

A Mahual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

Net 8/6 
ON QAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

GooDBVE, M.A. Crown Ivo, cloth 2/6 

" Like all Mr. Goodeve's writings, the present is no exception In point of general ezcenerre. 
It is a valuable little volume."— J/e-A«M^ra/ WvrU. 
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THB ENQINEER'S YEAR-BOOK FOR 1906. 

Comprising Formnls, Rules, Tables, Data and Memoranda in Civil. Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kbmpb. M.Inst.C.E., 
Principal Staff Engineer, Engineer-in-Chief s Office, General Post Office. 
London, Author of "A Handbook of Electrical Testing," ".The Electrical 
Engineer's Pocket-Book," &c. With x,ooo Illustrations, specially Engraved 
for the work. Crown 8vo, 950 pp., leather. [Ji^t Publtshtd. 8/0 

"Kempe's Year- Book raally requires no commendation. Its sphere of usefulness is widely 
known, aad it is used by engineers the world over."— 77(« Eneifuer. 

"The Tolume is distinctly in advance of most similar publications In this coontiy.''— 
BngiHuriMg. 

" This valuable and well-designed book of Mfinence meets the demands of all descrlptloos of 
9DS^9iois."-^aturd4ty Rtview. 

" Teems with up-to-date Infoimatlon In every branch of engineering and construction."— 
BiMdifurNews. 

'* The needs of the engineering pr o fss ri on could hardly be supplied In a more admirable, 
complete and convenient form. To say that it more than sustains all comparisons is praise of the 
highest sort, and that may Justly be said otlt."-~MiHintr yottnuU, 

THE MECHANICAL ENQINEER'5 POCKET-BOOK. 

Comprising Tables, Formulae, Rules, and Data : A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnbar Clark, M. Inst.C.E., 
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P. Powles, 
A. M.Inst.C.E., M.I.M.E. Small 8vo, 700 pp., Leather . . Net 6/0 

SUMMARY OF CONTBNTS :.~MATHBMATICAI. TABUSS.— MBASURBMBNT OP SURPACBS 
AND SCUDS.— ENGLISH WRIGHTS AND MEASURBS.— FRENCH METRIC WEIGHTS AND 

measures.— foreign weights and measures.— moneys.— specific gravity, 
weight, and volume.— manufactured metals.— steel pipes.— bolts and nuts.— 
sundry articles in wrought and cast iron, copper, brass. i..ead, tin, zinc— 
strength op materials. — strength of timber.— strength of cast iron.— 

strength of wrought iron strength op steel.— tensile strength op copper, 

Lead, &c.— Resistance op Stones and other building Materials.— Riveted Joints 
IN boiler Plates.— boiler shells.— wire Ropes and Hemp ropes.— Chains and 
Chain Cables.— Framing.— Hardness of Metals, alloys, and Stones.— L.abour of 
animals.— Mechanical Principles.— Gravity and Fall op Bodies.— accelerating 
AND Retarding Forces.— Mill Gearing. Shafting, &c— Transmission of Motive 
Power.— HEAT.— COMBUSTION: fuels.— Warming, ventilation, cooking Stoves.— 
steam.— STEAM Engines and Boilers.— Railways.— Tramways.— steam ships.— 

PUMPING steam engines AND PUMPS.— COAL GAS GAS ENGINES, &€.- AlR IN MOTION 

—Compressed air.— hot air Engines.— Water power.— Speed of Cutting Tools. 
—COLOURS.— Electrical engineering. 

" Mr. Clark manifests wliat is an innate perception of wliat is likely to be useful in a pocke t 
hook, and he is reaUy unriralled in the an of condensation. It is very difficult to hit upon any 
mechanical engineenng subject concerning which this work supplies no information, and the 
excellent index at the end adds to its utility. In one word, it is an exceedingly handy and efficient 
tool, possessed of which the engineer will be saved many a wearisome calculation, or yet more 
wearisome bunt through various text-books and treatisea, and, as sucli, we can heartily recommend 
it to our readers."— T'^tf Engineer. 

" It would be found difficult to ccm. press more matter within a similar compass, or produce a 
book of 700 pages wiiich should be more compact or convenient for poclcet re f wence. . . . Will 
be appreciated by mechanical engineers of all classes."— Practical Engineer, 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanics 1 
Science, with numerous Tables of Practical Data and Calculated Results fcr 
Facilitating Mechanical Operations. By William Tbmplston, Author cf 
" The Engineer's Practical Asastant," &&, &c Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by W. S. Button, C.E., Author of 
" The Works' Manager's Handbook, &c. Fcap. 8vo, nearly 500 pp., with 
8 Plates and upwards of 250 Diagrams, leather 6/0 

" In its modernised form Hutton's ' Templeton ' should have a wide sale, for h contains mtch 
valuable information wtiich the mechanic wiU onen find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated \yj all whe 
have learned to value the original editions of 'Templeton.'"— iT^^'^'^A Mechanic, 

" It has met with great success in the engineering workshop, and there are a great many men 
who, in a great measure, owe their rise hi life to this little book."— ^w^MKfv Nems. 

" This famUiar text-book is of essential service to the every-dajr requirements of engineers, 
millwrights, and the various trades connected with engineering and buildhig. The new modeinised 
edition is worth its weight in goUL"—Bttiidift£j\,ews. (Second Notice.) 

" This well-known and largely-used book contains information, brought up to date, of the 
s trt so usetul to the foreman and draughtsman. So much fresh information nas been introduce d as 
to constitute it practically a new book.'*— J/e. Aanira/ H'orld. 
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ENQINEER'5 AND MI^LWRiQHT'5 A5515TANT. 

A Collection of Useful Tables, Roles, and Data. By Wiluam TsMrurroM. 
Eighth Edition, with Additions. x8mo, cloth ..... 2/6 
"Occuplet • foramost plac« amooc books of this kind. A mora suitable ptesant to aa 
apprantic* to any of the meclianical txades could not possibly be sMde.*— Aw^/rfi'Mf Na0S. 

" A daiatvidly popular work. It should be In the * dnwer ' of ereiy mechanic.''— A«ifKrA 
M^hanic 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS. &c. 

Selected and Arranged hf Francis Smith. Seventh Edition, Revised, mdnding 

Elbctrical Tables, FoRMULiS, and Mbmoranda. Waistcoat>pocket sise, 

limp leather 1/8 

** It would, perhaps, be'as difficult to make a small pocket>book sdectlon of notes and foimulm 
to suit ALL enpneers as It would be to make a uniTetsal medicine; but Mr. Smith's 
pocket collection may be looked upon as a successful attempt."— £#v^MMr. 

»i ui "  



' The best erample we have ever seen of 070 pages of useful matter pecked into the 
ilons of a card-case. "n—BuHdiHg Ntms. " A verttable podcet treasury of knowledge.'' 



THE MECHANICAL ENGINEER'S COMPANION. 

Of Areas, Circnmferences, Decimal Equivalents, in inches and feet, millimetres, 

anares, cubes, roots, &c. ; Strength of Bolts, Weight of Iroxi. &c. ; Weights, 
easures, and other Data. Also Practical Rules for Engine Proportions. By 
R. Edwards, M.Inst.C.E. Fcap. 8vo, doth. 3/6 

"A very useful little volume. It contains many tablet, clawlftiwl data and memoranda 
generallv useful to engineers."— £M#ifMcr. 

" What it professes to be, * a handy office companion,' giving in a succinct form a variety of 
Infennation likely to be required by mechanical engineers in their evety day oftice ■work."— Nature. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary of). Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c Com* 
prising upwards of 6,000 Definitions. Edited by J. G. Horner, AIM.I.M.E. 
Third Edition, Revised, with Additions. Crown 8vo, cloth . . Nei 7/6 
"Just the sort of handy dictionary required by the various trades engaged in mechanical en- 
gineering. The practical eninne«ring pupil wUl find the book of great value m his studies, and every 
foreman engineer and mechanic should have a QOirf"—BuUdtng Ntws, 

POCKET GL055ARY OF TECHNICAL TERMS. 

English- French, French-English; vrith Tables suitable for the Architectural, 

Engineering, Manufacturing, and Nautical Professions. By John Jambs 

Flrtchbx. Fourth Edition, soo pp. Waistcoat-pocket sise, liinp leather 1 /6 

** It Is a very great advantage for readers and correspondenti in France and England to have 

so large a number of the words relating to engineering and manufactures collected m a HBputiaa 

vohame. The little book wUl be useful both to studenu and XxKtf3iitn."~-Arckaiet. 

" The gioanury of terms is very complete, and many of tlie Tables are new and weD arranged. 
We coidlally commend the book."— i/«rAa»ftfa/ fVorltL 

IRON AND STEEL. 

A Work for the Forge Foundry^ Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers: 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Con- 
fulting Engineers ; Architects, Contractors, Builders, &c. By Charlbs Hoarb, 
Author of ^' The Slide Rule," &c Ninth Edition. ?amo, leather . 6/0 

WORKMAN'S MANUAL OF ENGINEERING DRAWING. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 

College, Greenwich. Eighth Edition. 300 Plates and Diagrams. Crown 8vo, 

cloth 3/6 

•• A copy of it should be kept for reference in every drawing office."— £«^>i««'«^. 

PATTERN MAKING. 

Embracing the Main Types of Engineering Construction, and including 
Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns, Screws, 
Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam and 
Greensand, Weight of Castings, &c By J. G. Hornbr, A.M.I.M.E. Third 
Edition. Enlarged. With 486 Illustrations. Crown 8vo, doth. « Net 7/6 
" A well-written technical guide, evidently written by m man who undetstands and has prac- 
tised what he has written about. . . . We coraially recommend it to engineering students, srouag 
journeymen, and others dearoos of being initiated into the mysteriea of pattem-maldng."— ilw/A&r. 
"An exceBent vacU mtatm for the apprentice who d ealrei to become master of hb trade." 
—Eng'tish Mechanic. 
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SMITHY AND FORQE. i 

Including the Farrier's Art and Coach Smithing. By W. J. E. Crane. 

Crown 8vo, cloth 2/6 

"The first modem English book on the subject. Great pains have been liestowed by the 
author upon the book ; shoeing-smiths will find it both useful and interesting." — Builder. 

TOOTHED QEARINQ. 

A Practical Handbook for Offices and Workshops. By J. Horner, A.M.I. M.E. 

Second Edition, with a new Chapter on Recent Practice. With 184 Illustra> 

tions. Crown 8vo, cloth 6/0 

" We give the book our unqualified praise for its thoroughness of treatment, and recommend 
it to all interested as the most practical book on the subject yet ■wxiXXiea."—M€chanical World. 

MODERN WORKSHOP PRACTICE, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Shipbuilding, &c. By J. G. Winton. Fourth 
Edition, Illustrated. Crown 8vo, cloth 3/6 

•• Whether for the apprentice determined to master his profession, or for the artisan bent 
upon raising himself to a higher position, this clearly -written and practical treatise will be a great 
help." — Scotsman. 

DETAILS OF MACHINERY. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting Shop, Foundry, and Boiler Yard. By Francis Campin, C.E. 

Crown 8vo, cloth 3/0 

"A sound and practical. handbook for all engaged in the. engineering trades."— Binliltn^ 
IVorld. 

BNQINEERINO ESTIMATES, COSTS, AND ACCOUNTS 

A Guide to Commercial Engineering. With numerons examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. Br 
A General Manager. Second Edition. 8vo, cloth 1 2/0 

" This Is an excellent and rety useful book, coTering subject-matter In constant lequlsltion In 
•very factory and workshop. . . . The book is InTaluable, not only to the young engmeer, but 
also to the e^imate department of every works-" — Builder. 

" We accord the work unqualified praise. The Information Is glren In a plain, stiaightforward 
manner, and bears throughout evidoice of tne Intimate practical acquaintance of tint author with 
every phase of ccmimefcial engineering. "—AfMAafctor/ h^orld. 

MECHANICAL ENGINEERING. 

Comprising Metallurgy, Moulding, Casting* Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&c. By Francis Campin, C.E. Third Edition. Crown 8vo, cloth 2/6 
"A sound and serviceable text-book, quite up to date."— Buildt/ijr News. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of Turning. By Paul N. Hasluck. Eighth Edition. Crown 8vo, 

cloth 5/0 

" Written by a man who knows not only how work ought to be done, but who also knows how 
. to do it, and how to convey his knowledge to others. To all turners this book would be valuable."— 
SM£ifteerin£'. 

" We can safely recommend the work to young engineers. To the amateur it wHl simply be 
invaluable. To the student it will convey a great deal of useful Information."— ^fv^<»Mr. 

SCREW-THREADS, 

And Methods of Producing Them. With nnmerons Tables and complete 

Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 

of "Lathe- Work," &c. Sixth Edition. Waistcoat-pocket size . .1/6 

" Full of useful information, hints and practical criticism. Taps, dies, and screwing tools 

generally are illustrated and their action described."— Afechanical IVorld. 

" It is a complete compendium of all the details of the screw-cutting lathe ; In fKt, a multtttn 
inparvo on all the subjects it treats yxpffxaJ'—Carptnttr and Buiider. 

CONDENSED MECHANICS. 



A Selection of Formulae, Rules, Tables, and Data for the Use of Engineering 
Students, &c. By W. G. C. Hughbs, A.M.I.C.E. Crown 8vo, cloth . 2/6 
" The book is well fitted for those who are preparing for examination and wish to refresh 
their knowledge by going through their formulae agam. "—A/anVitf Engineer. 
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MECHANICS OF AIR MACHINERY. 

By Ds J. Weisbach and Prop. G. Herrmann. Authorized Translation 
wiih an Appendix on American Practice. by A. Trowbridge, Ph.B., Adjunct 
Professor of Mechanical Engineering, Columbia University. Royal 8vo, cloth; 

\Just Published. Net 1 8/0 

PRACTICAL MECHANISM, 

And Machine Tools. By T. Baker, C.E. With Remarks on Tools and 
Machinery by J. Nasmyth, C.E. Crown 8vo, cloth .... 2/6 

MECHANICS. 

Being a concise Exposition of the General Principles of Mechanical Science 
and their Applications. By C. Tomlinson, F.R.S. Crown 8vo, cloth 1/6 

FUELS: SOLID, LIQUID, AND QASEOUS. 

Their Analysis and Valuation. For the use of Chemists and Engineers. By 

H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 

Great Eastern Railway. Fourth Edition. Crown Svo, cloth . . 2/0 

" Ought to have its place in the laboratory of every metallurgical establishment, and whei> 
ever fuel is used on a lar^e scale."— CA^mira/ News. 

FUEL, ITS COMBUSTION AND ECONOMY. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal 
and the Prevention of Smoke." By C. W. Williams, A.Inst.C.E. With 
extensive Additions by D. Kinnear Clark, M.Inst. C.E. Fourth Edition. 
Crown Svo, cloth . 3/6 

" Students should buy the book and read it, as one of the most complete and satisfactory 
treatises on the combustion and economy of fuel to be had." — Ensinetr. 

STEAM AND THE STEAM ENGINE, 

Stationary and Portable. Being an Extension of the Treatise on the 
Steam Engine of Mr. J. Sewell. By D. K. Clark, C.E. Fourth Edition. 

Crown 8vo, cloth 3/6 

* ' Every essential part of the subject is treated of competently, and in a popular style."— /now . 

PUMPS AND PUMPING. 

A Handbook for Pump Users. Being Notes on Selection, Constmction, and 
Management. By M. Powis Bale, M.Inst.C.E., M.I.Mech.E. Fourth 
Edition. Crown 8vo, cloth 3/6 

" The matter is set forth as concisely as possible. In fact, condensation rather than diffuse- 
ness has been the author's aim throus^bout ; yet he does not seem to have omitted anything likely to 
be of use. "—youmal rf Gas Lighting. 

" Thoroughly practical and clearly written."— <;/aj-£-0w Herald, 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Tayler, a. M.Inst.C.E., Author of '* Refrigerating and Ice-Making 
Machinery." 6oo pp., with 360 Illustrations. Medium Svo, cloth. Net 1 5/0 

" The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a lai^e body of readers, for it leaves out nothing that would in 
any way be of value to those interested in the subject." — SUatnship.. 

" No one whose duty it is to handle the mammoth preserving installations of these latter days 
can afford to be without this valuable book," --Glasg^ow Herald. 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKiNG. 

By A. J. Wallis-Tayler, A.M.Inst.C.E. Author of " Refrigerating and Ice- 
making Machinery," &c. Third Edition, Enlarged. Crown Svo, cloth Net 3/6 

REFRIGERATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler, 
A.M.Inst.C.E. Third Edition, Enlarged. Crown Svo, cloth . . 7/6 
"Practical, explicit, and profusely iUustiated."— <;&uf «w Herald, 

" We recommend the book, which gives the cost of various systems and Uliistratlons showliig 
details of parts of machinery and general arrangements of complete installations."— ^Mtf/(i<er. 

" May be recommended as a useful description of the machinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating."— %fiM^M«rr. 
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BLAST FURNACE CALCULATIONS AND TABLES FOR 

FURNACE MANAGERS AND ENGINEERS. 

Containing Rules and Formulse for Finding the Dimensions and Output 
Capacity of any Furnace, as well as the regular Out6t of Stoves, Heating 
Surface, Volume of Air, Tuyere Area, &c., per ton of Iron per day of 24 
hours. By John L. Stevenson. F'cap. 8vo. 

[Nearly ready. Price about QIQ Net. 

MOTOR VEHICLES FOR BUSINESS PURPOSES. 

A Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. J. Wallis-Tayler, A.M. Inst. C.E. With 134 Illustra- 
tions. Demy 8vo, cloth. [Just Published. Net 9/O 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

ROADS. 

By A. J. Wallis-Tatlbr, A.M.Inst.C.E. 2x3 pp., with 76 Illustrations. 

Crown 8vo, cloth ^/S 

" A work that an engineer thinkine of turning his attention to motor-carriage work, would 
do well to read as a preliminary to startmg opentions." -'EHgin€€rin£. 

AERIAL NAVIGATION. 

A Practical Handbook on the Construction of Dirigible Balloons, Aerostats, 
Aeroplanes, and Aeromotors. By Frederick Walker, C.E., Associate 
Member of the Aeronautic Institute. With 104 Illustrations. Large Crown 
8vo, cloth Net 7/6 

STONE-WORKING MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 

Hints on the Arrangement and Management of Stone Works. By M. Powis 

Bale, M.Inst.C.E., M.I.Mech.E. Second Edition, enlarged. Crown 8vo, 

cloth 9/0 

"The book should be in the hands of every mason or student of stonework."- Co/ZrVry 
Guardtan. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Management; 
Hints on Fire- Brigades, &c By C. F. T. Young, C.E. 8vo, ciotb, £1 48. 

CRANES, 

The Construction of, and other Machinery for Raising Heavy Bodies for the 
Erection of Buildings, &c. By J. Glynn, F.R.S. Crown 8vo, cloth 1 /Q 
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PIONEER IRRIGATION. 

A Manual of Information for Farmers in the Colonies. By E. O. Maw?on, 
M.Inst.C.E., Executive Engineer, Public Works Department, Bombay. With 
Additional Chapters on Light Railways by E. R. Calthrop, M.Inst.C.E., 
M.I.M.E. Illustrated by Numerous Plates and Diagrams. Demy Bvo, cloth. 

A'ei 1 0/6 
Summary of Contents :— Value of irrigation, and Sources of Water 
SUPPLY.— Dams and weirs.— Canals.— Underground water.— Methods of Irri. 
GATiON.- Sewage Irrigation.— Imperial automatic Sluice Gates.— The Culti- 
vation OF Irrigated Crops, Vegetables, and Fruit Trees.— Light Railways 
for heavy TRAFFIC— Useful Memoranda and Data. . . , 

THE RECLAMATION OP LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested b Works 

of Reclamation. By A. Bbazklbt, M.Inst.CE. 8vo, cloth. JVet 10/6 

" The book shows in a concise way what has to be done in reclaiming land from the sea, and 

the best way of doing It. The work contains a great deal of practical and useful information which 

cannot feU to be of service to engineers entrusted with the enclosure of salt maishes, and tn land* 

owners intending to reclaim land from thesea."— TVi/ Engrfutr. 
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THE WATER SUPPLY OF TOWNS AND THE CON- 

STRUCTION OP WATBR-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
Bv W. K. Burton, A.M.Inst.C.£., Consulting Engineer to the Tdcyo 
Water-works. Second Edition. Revised and Extended. With nnmeroos 
Plates and Illustrations. Super-royal 8vo, buckram 25/0 

I. Introductory. — II. Diffbrbnt Qualjtibs of Water. — III. quantttv of 
Water to be provided.— IV. On ascertaining whether a proposed Source of 
Supply is sufficient.— v. on Estimating the Storage Capacity required 
to be Provided.— VI. Classification of Water-works.— vii. Impounding reser- 
voirs.— VIII. Earthwork Dams.— IX. Masonry Dams.— X. The purification of 
Water.— XI. Settling Reservoirs.— XII. Sand Filtration.— XIII. Purification 
OF Water by action of iron. Softening of Water by action of Lime, Natural 
Filtration.— XIV. Service or Clean Water Reservoirs— Water Towers— Stand 
Pipes.— XV. The Connection of seti'Ling Reservoirs, Filter Beds and Service 
Reservoirs.— XVI. pumping Machinery.- XVII. flow of Water in CONOurrs— 
Pipes, and open Channels.- XViil. Distribution Systems.— XIX. special Pro- 
visions for the Extinction of Fire.— XX. Pipes for Water-works.— XXI. Pre- 
vention OF Waste of Water.— XXII. Various appuancbs used in Connection 
with Water-works. 

appendix I. By Prof. JOHN MILNE, F.R.S.— Considerations concerning the 

PROBABLE effects OF EARTHQUAKES ON WATER-WORKS, AND THE SPECIAL PRE- 
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRIES. 

APPENDIX II. By JOHN DE RIJKE, CE.— ON SAND DVNES AND DUNB SAND AS 
A SOURCE OF WATER SUPPLY. 

" The chapter upon filtration of water Is rery complete, and the details of constnictkn well 
illustrated. . . . Tbe work should be speciaUy valuable to civil engineers engaged in worlc in 
Japan, but the interest is by no nieans confined to that \ocaSxy."—Engttu*r. 

" We congratulate the author upon the practical conimonsense shown in the pieparatioa oi 
this work. . . . The plates and diagrams have evidently been prepared with great care, and 
cannot fail to be of great assistance to the student."— ^M^Urr. 

THE WATER SUPPLY OF CITIE5 AND TOWNS. 

By William Humbkr, A.M.Inst.C.E., and M.Inst.M.E., Author of "Cast 
and Wrought Iron Bri<^e Constructi(Mi," &c., &c. Illustrated with 50 Double 
Plates, X Single Plate, Coloured Frontispiece, and upwards of 350 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 

half-bound in morocco Net £6 6t. 

List of Contents :— I. Historical Sketch of some of the means that have 

BEEN adopted FOR THE SUPPLY OF WATER TO CITIES AND TOWNS.— II. WATER AND 
THE FOREIGN MATTER USUALLY ASSOCIATED WITH IT.— III. RAINFALL AND EVAPORA- 
TION.— IV. SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS. 
—V. MEASUREMENT AND ESTIMATION OF THE FLOW OF WATER.— VI. ON THE SELECTION 
OF THE SOURCE OP SUPPLY.— VII. WELLS.— VIII. RESERVOIRS.— IX. THE PURIFICATION 
OF WATER.— X. PUMPS.— XI. PUMPING MACHINERY.— XII. CONDUITS.— XIII. DISTRIBU- 
TION OF WATER.— XIV. METERS, SERVICE PIPES, AND HOUSE FITTINGS.- XV. THE LAW 
AND ECONOMY OF WATER-WORKS.— XVI. CONSTANT AND INTERMITTENT SUPPLY.— 
XVII. DESCRIPTION OF PLATES.— APPENDICES, GIVING TABLES OF RATES OF SUPPLY, 
VELOCITIES, &C., &C., TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUS- 
TRATED, AMONG WHICH WILL BE FOIWD : ABERDEEN, BiDEFORD, CANTERBURY, 

DUNDEE, Halifax, Lambeth, rotherham. Dublin, and others. 

" The most systematic and valuable work upon water supply hitherto produced In English, or 
in any other language. Mr. number's work is characterised almost throughout by an 
exhauadveness much more distinctive of French and German than of English technical treatises. " 
—Bnginter. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for small Country Districts. By Allan Grkbnwbll, A.M.Inst.C.£., 
and W. T. Curry, A.M.Inst.CE., F.G.S. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth 6/0 

" We conscientiously recommend It as a very useAil book for those concerned In obtaining 
water for small districts, giving a great deal of practical information hi a small compass."— ^MiAicr. 

" The volume contains valuable Information upon all matters connected with water supply. 
. . . It is full of details on points which are continually before water-works engineers."— AteiMr*. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
ByCHARLBsSLAGG,A.M.Inst.C.£. Second Edition. Crown 8vo, cloth . 7/6 

" As a small practical treatise on the war** stipplv of towns, and on some appUcations of water- 
power, the woric is in many respects excellent."— ui:>i^('»«irr<>i^. 
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WATER W0RK5, FOR THE SUPPLY OF CITIE5 AND 

TOWN5. 

With a Description of the Principal Geological Formations of England as 

influencing Supplies of Water. By Samuel Hughes. Crown 8vo, cloth 4/0 

" Everyone who is debating^ how his village, town, or city shall be plentifully supplied with 
pure water should read this book." — Newcastle Courant. 

POWER OF WATER. 

As applied to drive Flour Mills, and to give motion to Turbines, and other 
Hydrostatic Engines. By Joseph Glynn, F.R.S., &c. New Edition. 
Illustrated. Crown 8vo, cloth 2/0 

WELLS AND WELL-SINKING. 

By J. G. Swindell, A.R.I. B.A., and G. R. Burnell, C.E. Revised 
Edition. Crown 8vo, cloth 2/0 

" Solid practical information, written in a concise and lucid style. The work can be recom- 
mended as a text-book for all surveyors, architects, &c." — Iron and Coal Trades Review^ 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Crotdon Marks, A.M.Inst.C.£. Second 
Edition, Enlarged, with about 240 lUnstrations. 8vo, cloth. 

[Just Published. Net 10/6 
Summary of Contents :— principles of Hydraulics.— thb flow of water.— 
Hydraulic pressures.— Material.— Test Load.— Packings for Sliding Surfaces. 
—Pipe Joints.— Controlling Valves.— Platform Lifts.— Workshop and Foundry 
CRANES.— Warehouse and Dock Cranes.- Hydraulic Accumulators.— presses 
for Baling and other purposes. —Sheet metal working and Forging Machinery. 
—Hydraulic riveters.- hand and power pumps.— Steam pumps.— turbines.- 
Impulse Turbines —Reaction turbines.— Design op Turbines in detail.— Water 
Wheels.— Hydraulic Enginbs.— Recent achievements.— Pressure of Water.— 
action of Pumps, &c. 

" We have nothin? but praise or this thoroughly Taluable work. The author has succeeded 
In renderintif his subject interesting as well as instructiTe."- /VwMoi/ Bngi$uer. 

"Can be unhesitatingly reconunended as a useful and up*to-date manual on hjrdtsullc trans* 
mission and utilisation of ])owet."—Afechanical IVorld, 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text Intended as a Guide m 
Hydraulic Calculations and Field Operations. By Lewis D'A. Jackson, 
Autbov of -"Aid to Survey Practice," "Modern Metrology," &c Fourth 

Edition, Enlarged. Large crown 8vo, cloth 16/0 

" The author has constructed a manual which may be accepted as a trustworthy guide 
to this branch of ttie engineer's ptoiesAotL"'— Engineering, 

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMUL^C. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formnlse, Tables, and General Information on Kain-£all, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Nbvillk, C.E., M.R.LA. Third Edition, revised, with 
additions. Numerous Illustrations. Crown 8vo, cloth ... 1 4/0 
" It is, of all English boolcs on the subject, the one nearest to completeness."— ^rcAiXrc^ 

MASONRY DAMS FROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Dis^am of Forces, &c. For the use of Civil and Mining Engineers. By 

C. F. Courtney, M.Inst.CE. 8vo, cloth g/O 

" Contains a good deal of valuable data. Many useful suggestions will be found in the 
remarks on site and position, location of dam, foundations and consXjnctiuaxi." ^Building News, 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction by this Method of 
the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dublin Port and Docks 
Board. Royal 8vo, cloth 7/6 

" We recommend all interested in harbour worlts— and, indeed, those concerned in the 
improTements of riven generally— to read Mr. Mann's Interesting worlc"— ^m^'mmt. 

DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 

By G. D. Dempsey, C.E. Revised, with large Additions on Recent Practice 
in Drainage Engineering by D. Kinnear Clark, M.Inst.CE. Founh 
Edition. Crown 8vo, cloth 4/6 
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SURVEYING AS PRACTISED BY CIVIL ENGINEERS 

AND SURVEYORS. 

Including the Setting-oat of Works for Construction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By John White* 
LAW, Jun., A.M.Inst.C.E., Author of '* Points and Crossings." With about 
260 Illustrations. Demy 8 vo, cloth ....*. Net 10/6 
" This work is written with admirable lucidity, and will certainly be found of distinct value 
both to students and to those engaged in actual practice."— 7A< Builder. 

PRACTICAL SURVEYING. 

A Text- Book for Students preparing for Examinations or for Survey- work in 
the Colonies. By George W. Usill, A.M.Inst.C.E. Eighth Edition, 
thoroughl}^ Revised and Enlarged, by Alex Bbazbley, M.Inst.C.E. 
With 4 Lithographic Plates and 360 Illustrations. Large crown 8vo, 7/6 
cloth ; or, on Thin Paper, leather, gilt edges, rounded corners, for pocket use. 

12/6 

V The best forms of instruments are described as to their coostructloii, uses and modes 
of employment, and there are innumerable hints on work and equipment such as the author, in 
Us experience as surveyor, draughtsman and teacher, has found necessary, and which the student 
In his mexperience will find most serviceable." — Engineer. 

" The first book which shotUd be put in the hands of a pupil of Civil Eagineedng."— 
Architect. 

SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the use of Civil and Military Engineers and Surveyors, 
including two series of Tables specially computed Tor the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Neil Kennedy, 
M. Inst.C. E. With Diagrams and Plates. Second Edition. Demy 8vo, cloth. 

iV*/ 1 0/6 

" The work is.very clearly written, and should remove all difficulties in the way of any surveyor 
desirous of making use of this useful and rapid instrument"— ^a/Mr«. 

LAND AND ENGINEERING SURVEYING. 

For Students and Practical Use. By T. Baker, C.E. Twentieth Edition, 
bv F. E. Dixon, A.M.Inst.C.E. With Plates and Diagrams. Crown 8vo, 
cloth , . 2/0 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur* 

veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 

By L. D'A. Jackson, A.M.Inst.C.E. Second Edition. 8vo, cloth . 12/6 

" Mr. Jackson has produced a valuable V€ule-fnecufn tot the surveyor. We can recommend 

this book as containing^ an admirable supplement to the teaching of the accomplished sunreyoc."— t 

jiihgnautn. 

"The author brings to his work a fortunate union of theory and practical exp-irionce which, 
aided by a clear and lucid style of writing, renders the book a very useful fso»»"-^ Builder. 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railways ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Hasxoll, C.E. Second 
Edition, Revised with Additions. Large crown 8vo, cloth . . . 9/0 

" This book must prove of {[reat value to the student. We have no hesitation in recom< 
diendlngf It, feelingf assured that it will more than repay a careful ^XyxAy."— Mechanical World. 

" A most useful book for the student. We can strongly recommend it as a carefully-wiitten 
and valuable text-book. It enjoys a well-deserved repute among surveyors."— ^ws'^^. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
use of Theodolite for Traverse Surveying and plotting the work with minute 
accturacy by means of Straight Ed^e and Set Square only ; Levelling with the' 
Theodolite, Setting-out Curves with and without the Theodolite, Earthwork 
Tables, &c. By W. Davis Haskoll, C.E. With numerous Woodcuts. 
Fifch Edition, Enlarged. Crown 8vo, cloth \ 2/0 

" The book Is very handy ; thct separate tables of sines and tangents to every minute will make 
it useful for many other purposes, the genume traverse tables existing all the same."— ^^M<M«Mm. 
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AN OUTLINE OP THE METHOD OP CONDUCTING 

A TRiaONOMBTRICAL 5URVBY. 

For the Formation of Geographical and Topo^aphical Maps and Plans, Mili> 
tarr Reconnaissance, LEVELLING, &c, with Useful Problems, Formulae, 
and Tables. By Lieut -General Fromb, R.£. Fourth Edition, Revised and 

rtly Re-written by Major-General Sir Charles Warrbn, G.C.M.G., R.E. 
ith 19 Plates and 1x5 Woodcuts, royal 8vo, cloth . . . • 1 6/0 
" No words of praise fjrom us can strengthen the position so well and so steadily maintained 
by tills worlL Sur CharUa Warren has revised the entire work, and made such additions as wen 
necessary to bring every portion of the contents up to the present 6ai»," —Broad Arrvm, 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Tblpord's Rules for the same. By 
Frederick W. Simms, M.Inst.C.E. Eighth Edition, with Law's Practic^ 
Examples for Setting-out Railway Ctirves, and Trautwinb's Field Practice 
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts. 
8vo . . . '. ' 8/6 

" The text-book on levelling in most of our engineering schools and coll^nes."— J?f(£i»«cr. 

"The publishers have rendered a substantial service to the profession, espedsuly to the 
younger memDeis, by bringing out the present edition of Mr. Simms's useful yiQA."—Et^n*€riHg. 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES. 

For Setting-out Curves from 5 to 200 Radius. By A. Beazelat, M.Inst.C.£. 
7th Edition, Revised. With an Appendix on the use of the Tables for 
Measuring up Curves; Printed on 50 Cards, and sold in a cloth box, waistcoat- 
pocket size • • . 3/6 

" Each table is printed on a small card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument— no small advantage as regards the rapidity oi-wyAJ'—Bnginter. 

" very handy : a man may know that all his dav's work must fall on two of these cards, which 
he puts into his own card-case, and leaves the rest behind."— ^£A<m«mm. 

PIONEER ENGINEERING. 

A treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By E. Dobson, M.Inst.C.E. Second 
Edition. Crown 8vo, cloth 4/6 

" Mr. Dobson is familiar with the difficulties which have to be overcome in this class of work, 
and much of his advice will be valuable to young engineers proceeding to our colonies.'— 
Engineering. 

TUNNELLING. 

A Practical Treatise. By Chaklbs Prelini, C.E. With additions by 
Charles S. Hill, C.E. With 150 Diagrams and Illustrations. Royal 8vo, 
doth /^«M 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Settine-out the Works, Shaft-sinking, and Heading-driving, 
Ranging Uie Lines and Levelling underground, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Ttmnels. By F. W. Simms, 
M.Inst.C.E. Fourth Edition, Revised and Further Extended, including the 
most recent (1895) Examples of Sub-a(iueousand other Tunnels, bv D. Kinnear 
Clark, M.Inst.C.E. With 34 Folding Plates. Imperial Svo, cloth £2 2a. 

" The present (1896) edition has been brought rieht up to date, and is a work to which civil 
engineers should have ready access, and engineers who have construction work can hardly afford 



to be without, but which to tiie younser members of the profession is invaluable, as from its pages 
they can learn the state to which the science of tunnelling has attained."— Aa«/wa> News. 

EARTH AND ROCK EXCAVATION. 

A Practical Treatise, by Charles Prelini, C.E. 365 pp., with Tables, 
many Diagrams and Engravings. Royal Svo, cloth. 

\]ust Published, Net 1 6/0 

CONSTRUCTION OF ROADS AND STREETS. 

By H. Law, C.E., and D. K. Clark, C.E. Sixth Edition, revised, with 
Additional Chapters by A. J. Wallis-Tayler, A.M. Inst. C.E. Crown Svo, 
cloth 6/0 

" A book which every borough surveyor and engineer must possess, and which will be of 
considerable service to architects, builders and property owners gentira\ly."—£uiMiHg Ntws. 
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TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System; with an exhansthre 
Analysis of the Various Modes of Traction, incliidin|; Horse Powet^ Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties ai 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughly Revised, and Including the Progress recently made in 
Tramway Construction, &c., ftc By D. Kinnkar Clask, M.Inst.C.E. 

With 400 Illustrations. 8vo, 780 pp., buckram. 28/0 

" The new volume is one which will rank, amonf tramway engtneen and those interested in 
tramway worUnf, with the Author's worid-&med book on railway machinery."— r%< Bngifuer, 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to 80 feet in Depth or Height, for use with eithes 
66 feet Chain or xoo feet Chain. By J. H. Watson Buck, M.InsLCE. 
On a Sheet mounted in cloth case 8/6 

EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, ftc., of 
Heights or Depths up to an average of 80 feet. By Josbfk Bsoadbbht, C.E., 

and Francis Campin, C.E. Crown 8vo, cloth 6/0 

" The way in which accuracy is attained, by a simple division of each croa lectloa Into three 
elements, two in which are constant and one Taiiable, is ingenious."— ^itfJSfecM4rwM. 

A MANUAL ON EARTHWORK. 

By Albx. J. Graham, C.E. With numerous Diagrams. Seoood Edition. 
x8mo, cloth 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M.Inst.C.E., 

Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, doth 1 2/0 

•• Many of the methods given are of extreme practical yalue to the mason, and the observa* 

tlona on the tonn of areh, the niles for ordering the stone, and the coosanictkm of the templates, 

wlU be found of considerabie use. We commend the book to the enginee ri ng 



^^^ ••Will be* regarded by dML engfaieeis as of the ntmoit vahie and calculated to ttve mnch 
time and obviate many miftakes. "—CoiUery Guardian. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gkokgb 
Watson Buck, M.Inst.CE. Fourth Edition, revised bv his Son, J. H. 
Watson Buck. M.InstCE. ; and with the addition of Description to 
Diagrams for Facilitating the Construction of Oblique Bridges, by W. H. 
Barlow, M.Inst.C.E. Royal 8vo, cloth . . . . 12/0 

"The standard tert«book for all engineers r^fardlng skew arches Is Mr. Buck's treatise, 
and it would be impossible to consult a better."— ff»«Meer. 

" Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested 
the subject of many of the faitricacies supposed to belong to It. As a guide to the engineer and 
architect, on a confessedly difficult subject, Mr. Buck's work is unsurpaiied. "—BtMdJMf Ntms. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts. — Theoretical, Practical, and Descriptive. B^ William HumbbBi 
A.M.Inst.C.E., and M.InstM.E. Third Edition, revised and much im* 
proved, with 1x5 Double Plates (ao of which now first appear in this edition, 
and numerous Additions to the Text. In a vols., imp. 4to, half-bound in 

morocco £6 1 6s. 60. 

" a Tery ralnaUe contribution to the standard literature of dvO engineering. In addition to 
elevations, puns, and sections, large scale details are given, which very much enhance the 
instructive worth of those illustrations."— C#vtf EngtHeer and Archiieefs youmai. 

"Mr. Humber's stately volumes, lately issued— in which the most important bridges 
erected during the last five JTBars, under the direction of the late Mr. Brunei, Sir W. Cubitt, 
Mr. Hawicshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most f"*'*f t 
eogineers, are drawn and specified in great detalL"— iifltf^'Mccr 
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IRON BRIDGES OP MODERATE SPAN: 

Their Construction and Erection. By H. W. Pendrbd. With 40 illustra^ 
tions. ' Crown 8vo, cloth 2/0 

" Studeutb and engineers should obtain this book for constant and practical vlsgJ"— Colliery 
Guardian. 

IRON AND STEEL BRIDGES AND VIADUCTS. 

A Practical Treatise upon their Construction. For the use of Engineers, 
Draughtsmen, and Students. By Francis C ampin, C.E. Crown 8vo, 
cloth 3/6 

TUBULAR AND OTHER IRON GIRDER BRIDGES, 

Describing the Britannia and Conway Tubular Bridges. With a Sketch of 
Iron Bridges, &c. By G. D. Dbmpsey, C.E. Crown 8vo, cloth • 2/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in R00&, Solid 

Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 

Piers, and other Frameworks. By R. Hudson Graham, C.£. G>ntaining 

Diagrams and Plates to Scale. With numerous Examples, many taken from 

existing Structures. Specially arranged for Class-work in Colleges and 

Universities. Second Edition, Revised and Enlarged. 8vo, doch . 1 6/0 

" Mr. Graham's bo<A iHU find a place whesttver gr^)hic and analytic statics am luad or 
studied. "—Bft£ inur. 

"The work is excellent from a practical point of view, and has evidently been prepared 
with much care. The directions for working an ample, and are illustrated by an abundance oi 
wePsetocted eTamples. It is an excellent text-book for the practical draughtsman. "-^rtWKKwiw. 

WEIGHTS OF WROUGHT IRON & 5TEEL GIRDERS. 

A Graphic Table for Facilitating the Computation of the Weights of Wrought 
Iron and Steel Girders, &c, for Parliamentary and other Estimates. By 
J. H. Watson Buck, M.Inst.CEi On a Sheet 2/6 

GEOMETRY FOR TECHNICAL 5TUDENT5, 

An Introduction to Pure and Applied Geometry and the Mensuration of 
Surfaces and Solids, including Problems in Plane Geometry useful in Drawing. 
By £. H. Spragub, A.M.Inst.C.E. Crown 8vo, cloth. . . . NefXlQ 

PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. Giving Rnles for the Delineation 
and ADplication of variotus Geometrical Lines, Figures, and Curves. By 

E. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

" No book with the same objects in view has ever been published In which the deamess of 
the rules laid down and the illustratiTe diagrams have been so satisfactory. "^SM^rmaH. 

THE GEOMETRY OF C0MPA55E5. 

Or. Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Olivbr Btrnb. Coloiured Plates. 
Crown 8vo, cloth 8/6 

MENSURATION AND MEASURING. 

With the Mensuration and Levelling of Land for the purposes of Modern 
Engineering. By T. Baker, C.E. New Edition by E. Nugent, C.E. 
Crown 8vo, cloth 1/6 

HANDY BOOK FOR THE CALCULATION OP 5TRAIN5 

In Girders and Similar Structures and their Strength. Consisting of Formula 
and Corresponding Diagrams, with numerous details for Practical Applica* 
tion, &c. By William Humbbr, A. M.Inst.C.E., &c Sixth Edition. 
Crown 8vo, with nearly zoo Woodcuts and 3 Plates, cloth . . 7/6 

** The formulae are neatly expressed, and the diagrams good."— ^M^mtimm. 
** We heartOy commend this really Hamfy book to our engineer and architect leadeis."** 
BngHsh Muhanic. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W Shbilds, 
MJnst.C.£. 8vo, cloth 6/0 

L u 
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CONSTRUCTIONAL IRON AND STEEL WORK, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Cami^in, C.E. Crown 8vo, cloth 3/6 

" This practicaLl book may be counted a most valuable yrotk."— British Architect. 

MATERIALS AND CONSTRUCTION. 

A Theoretical and Practical Treatise on the Strains, Designing, and Erection 

of Works of Construction. By Francis Campin, C.E. Third Edition. 

Crown 8vo, cloth . . . < 3/0 

" No better exposition of the practical application of the principles of construction has yet 
been published to our knowledge in such a cheap comprehensive form." — Builditig News. 

EXPERIMENTS ON THE FLEXURE OF BEAiVlS. 

Resulting in the Discovery of New Laws of Failure by Buckling. By Albert 
E!. Guv. Medium 8vo, cloth Nti 9/0 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses. Breaking 
Weights, Sa/e Loads, Scantlings, and Details of Construction. Witn Complete 
Working Drawings. By W. Griffiths, Surveyor. Oblong 8vo, cloth 4/6 

"This handy little book enters so minutely into every detail connected with the con- 
ittuctkHi of roof trusses that no student need be ignorant of these maXX»t%."— Practical EtigiHeer, 

CONSTRUCTION OF ROOFS, OF WOOD AND IRON: 

Deduced chieflv from the Works of Robison, Tredgold, and Humber. By 
E. W. Tarn, M.A., Architect. Fourth Edition. Crown 8vo, cloth . 1 /Q 

" M r. Tarn is so thoroughly master of his subject, that although the treatise was founded on 
the works of others he has given it a distinct value of his own. It will be found valuable by all 
students. "—Builder. 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldv; and 
Formulae for calculating Girders, &c. Edited by Wm. Humber, A.M.Inst.C.E. 
8vo, 400 pp., with 19 Plates and numerous Woodcuts, cloth . . . 18/0 

" Valuable alike to the student, tyro, and the experienced practitioner. It will always rank 
in future as it has hitherto done, as the standard treatise on that particular subject. "^ii»v^NMr. 

EXPANSION OP STRUCTURES BY HEAT. 

By John Kbilt, C.E., late of the Indian Public Works Department. Crown 
8vo, cloth 3/6 

" The aim the author has set before him, vis., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon wlilch ttM eogineer or 
arrhlfAct r»n AnH hut Httl* nillAhle and compreheoslTe data in books."— %5MiM(r. 

CIVIL ENGINEERING. 

By Henry Law, M.Inst.C.E. Including a Treatise on Hydraulic Engi- 
neering by G. R. Burnell, M.Inst.C.E. Seventh Edition, revised, with 
Large Additions on Recent Practice by D. Kinnear Clark, M.Inst.C.E. 

Crown 8vo, cloth Q/Q 

" An admirable volume, which we warmly recommend to young engineers."— ^Mi/<firr. 

THE PROGRESS OF ENGINEERING (1863-6). 

By Wm. HuMBKR, A.M.Inst.C.E. Complete in Four Vols. Containing 148 
Double Platei., with Portraits and Copious Descriptive Letterpress. Impl. 410, 
half-morocco. Price, complete, £1 2 1 2s. ; or each Volume sold separately 
9X £3 3s. per Volume. Descriptive List of Contents on application, 

GAS W0RK5, 

Their Construction and Arrangement, and the Manufacture and Distribution 

of Coal Gas. By S. Hughes, C.E. Ninth Edition. Revised, with 

Notices of Recent Improvements by Henry O'Connor, A.M.Inst.C.E. 

Crown 8vo, cloth 6/- 

" Will be of infinite service alike to manufacturers, distributors, and consumers."— /'V7r^wtf« 
EHi^^inetr. 
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PNEUMATICS, 

Including Acoustics and the Phenomena of Wind Currents, for the us« of 
Beginners. By Charles Tomlinson, F.R.S. Crown 8vo, cloth . 1 /6 

FOUNDATIONS AND CONCRETE WORKS. 

With Practical Remarks on Footings, Planking, Sand, Concrete, B^ton, 
Pile-driving, Caissons, and Cofferdams. By E. Dobson. Crown 8vo. 1 /Q 

BLASTING AND QUARRYING OF STONE, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. Burgoyne, K.C.B. Crown 8vo, cloth . .1/6 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De* 
scnption of Modem Appliances and Systems. By Clbmbnt £ Strstton, 
CET. Thurd Edition, Enlarged. Crown Svo, cloth .... 3/6 

"A book for the engineer, the directors, the managrers; and, In short, all who wish for 
information on railway matters will find a perfect encyclopaedia in ' Safe Railway Worldng.' "— 
Railway Review. . 

ENGINEERING STANDARDS COM- 
MITTEE'S PUBLICATIONS. 



The Engineering Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of 
Standardising Rolled Iron and Steel Sections. 

The Committee is supported by the Institution of Civil Engineers, the 
Institution of Mechanical Engineers, the Institution of Naval Architects, 
the Iron and Steel Institute, and the Institution of Electrical Engineers ; 
and the value and importance of its labours has been emphatically 
recognised by His Majesty's Government, who have made a liberal grant 
from the Public Funds by way of contribution to the financial resources of 
the Committee. 

Reports already Published : — 

1. BRITISH STANDARD SECTIONS (9 lists). 

Angles, £qual and Unequal. — Bulb Angles, Tbbs and Plates. — 
Z AND T Bars.— Channels.— Beams, Net 1/0 

2. TRAMWAY RAILS AND FISH-PLATES: STANDARD 

5BCTIONS AND .SPECIFICATION. Net 21/0 

3. REPORT ON THE INFLUENCE OF QAUQE LENGTH. 

By Professor W. C. Unwin, F.R.S. Net 2/8 

4. PROPERTIES OF STANDARD BEAMS. 

{Included in No. 6.) Net 1 /O 

5. STANDARD LOCOMOTIVES FOR INDIAN RAIL- 

WAYS. Net 1 0/6 

6. PROPERTIES OF BRITISH STANDARD SECTIONS. 

Diagrams, Definitions, Tables, and FormuUe. Net 6/0 

7. TABLES OF COPPER CONDUCTORS AND THICK- 

NB55B5 OP DI-BLBCTRIC. Net 2/6 

8. SPECIFICATION FOR TUBULAR TRAMWAY POLES. 

Net 6/0 

9. SPECIFICATION AND SECTIONS OF BULL-HEADED 

RAILWAY RAILS. Net 10/6 

10. TABLES OF PIPE FLANGES. Net 2/6 

B a 
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Engineering Standards Committee's Rbports— continued. 

11. SPECIFICATION & SECTIONS OF FLAT-BOTTOMED 

RAILWAY RAILS. ytt 10/6 

12. SPECIFICATION FOR PORTLAND CEMENT, jw/ 2/6 

13. SPECIFICATION FOR STRUCTURAL STEEL FOR 

SHIPBUILDINQ. JVr/ 2/6 

14. SPECIFICATION FOR STRUCTURAL STEEL FOR 

MARINB BOILBRS. A>/ 2/6 

16. SPECIFICATIONS AND TABLES FOR TELEGRAPH 

-MATB RIALS. Net 10/6 

17. INTERIM REPORT ON ELECTRICAL MACHINERY. 

Net 2/6 

19. REPORT ON TEMPERATURE EXPERIMENTS ON 

FIBLD COiL5 OP ELECTRICAL MACHINES. Net S/O 

20. BRITISH STANDARD SCREW THREADS. Net 2/6 

21. BRITISH STANDARD PIPE THREADS. Net 2/6 

22. REPORT ON EFFECT OF TEMPERATURE ON 

INSULATING MATERIALS. Net 5/O 

23. STANDARDS FOR TROLLEY GROOVE AND WIRE. 

=================== ^^* ^ ^® 

MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION, ETC. 

MARINE ENGINES AND BOILERS. 

Their Design and Construction. A Handbook for the Use of Students, 
Engineers^ and Naval Constructors. Based on the Work " Berechnung una 
Konstruktion der Schiffsmaschinen und Ke&sel^" by Dr. G. Bauer, Engineer* 
in*Chief of the Vulcan Shipbuilding Yard, Stettin. Translated from the Second 
German Edition by E. M. Donkin, and S. Bryan Donkin, A.M.I.C.E. 
Edited by Leslie S. Robertson, Secretary to the Engineering Standards 
Committee, M.I.C.E., M.I.M.E., M.I.N.A., &c. With numerous Illustrations 
and Tables. Medium 8vo, cloth. [Just Publisfud. 26/- JW/. 

Summary op Contents:— part I.— main engines.— determination of Cylin- 
der Dimensions.— The Utilisation op steam in the Engine.- stroke op Piston, 
—number of revolutions.- turning moment.— balancing op the moving parts, 
—arrangement op main engines.- details op main engines.— the cylinder.— 
valves.— various kinds of valve gear.— piston rods.— pistons.— connecting 
rod and cros5hbad. — valve gear rods.— bed plates. — engine columns,— 
Reversing and turning Gear. PART II.— PUMPS.— air, Circulating Feed, and 
AUXlLUUtY PUMPS. PART III.-SHAFTING. RESISTANCE OF SHIPS. PROPELLERS. 
—thrust shaft and thrust block.— tunnel shafts and plummer blocks.— 
shaft couplings.— stern tube.- the screw propeller.- construction of the 
screw. part iv.— pipes and connections.— general remarks, flanges, 
Valves, &c— Under Water Fittings.— Main steam. Auxiliary Steam, and 
EXHAUST Piping.— Feed Water, Bilge, Ballast and Circulatdig Pipes. PART v.— 
STEAM BOILERS.— Firing and the generation op Steam.— cylindrical boilers. 

— LOCOMOTIVE boilers. — WATER-TUBE BOILERS. — SMALL TUBE WATER-TUBB 
BOILERS.— SMOKE BOX.— FUNNEL AND BOILER LAGGING.— FORCED DRAUGHT.— BOILER 
FrrriNCS and mountings. PART VI.-MEASURING INSTRUMENTS. PART VIL— 
VARIOUS DETAILS.— BOLTS, NUTS, SCREW THREADS, &C— PLATFORMS, GRATINGS, 

LADDERS. — FOUND 4TIONS. — SEATINGS. — LUBRICATION VENTILATION OF ENGIMB 

ROOMS.— RULES FOR SPARE GEAR. PART VIH.— ADDITIONAL TABLES. 

" This handsome volume contains a comprehensive account of the design and construction of 
modem marine engines and boilers. Its arrangement is excellent, and the numerous illustrations 
represent recent practice for all classes of warships and vessels of the mercantile marine. His 

f>osition as Engineer-in-Chief of the great Vulcan works at Stettin gave the author special facilities 
or selecting illustrations from the practice of that firm, which has Built many of the &wiftest types 
of steamships for both war and commerce. Other German firms and the German Aamiralty nave 
been enuaify generous in contributing information, while a lai^e proportion of the illustrations is 
drawn from English technical Journals and the proceedings of our engineering societies. American 
practice is also represented. The compilation has been laborious, no doubt, but it constitutes a 
valuable book of reference and a treasury of information. The English editor and his assistants 
have done their work well, both in translation and in the conversion of metric to English measures." 
— The Tintes, 
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THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKBT-BOOK 

Of Formnlae, Rales, and Tables, and Marine Engineer's and Surveyor's Handy 
Book of Reference. By Clbmsnt Mackkow, M.I.N. A. Eighth Edition, 
carefully Revised and Enlarged. Fcap., leather . . ^ei 1 2/6 

SUMMARY OP Contents :— Signs and symbols, Dbcimal Fractions.— Trigo- 
nometry.— practical Gbometry.—Mbnsuration.— Centres and moments of 
Figures.— Moments op inertia and Radii Gyration.— algebraical Expressions 
FOR SIMPSON'S Rules.- Mechanical principles.— Centre op Gravity.— Laws of 
Motion.— Displacement, Centre of buoyancy.— Centre op Gravity op Ship's 
Hull.— Stability Curves and Metacentrbs.— sea and shallow-water Waves. 
—Rolling op Ships.— Propulsion and Resistance op Vbssbls.— Speed trials.— 
Sailing, Centre of effort.— Distances down Rivers, Coast Lines.— Steering and 
Rudders op vessels.— Launching Calculations and Velocities.— Weight of 
Material and Gear. — Gun Particulars and weight.— Standard Gauges.— 

Riveted Joints and Riveting Strength and Tests op Materials.— Binding 

and shearing Stresses. —Strength of Shafting, Pillars. Wheels, drc. — 
HYDRAULIC Data, &c. — Conic Sections, catenarian curves. — Mechanical 
Powers, work.— Board of Trade Regulations for Boilers and Engines.— Board 
of Trade Regulations for Ships.— Lloyd's Rules for Boilers.— Lloyd's Weight 
OF Chains.— LLOYD'S Scantlings fou Ships.— Data of Engines and Vessels.— 

Ships' Fittings and Tests Seasoning Preserving Timber.— Measurement of 

Timber.— ALLOYS, Paints. Varnishes.— Data for Stowage.— Admiralty Trans- 
port Regulations. — Rules for Horse-power, Screw propellers, &c.— Per- 
centages FOR Butt Straps.— particulars of Yachts.— Masting and Rigging. 
—Distances OF .FOREIGN ports.— Tonnage Tables.— Vocabulary of French and 
English Terms.— English weights and Measures.— foreign weights and Mea- 
sures.— Decimal Equivalents.— Useful Numbers.— Circular Measures.- Areas 
OF AND Circumferences op Circles.— areas of Segments op Circles.— Tables 

OP SQUARES AND CUBES AND ROOTS OP NUMBERS.— TABLES OF LOGARITHMS OF NUM- 
BERS.— TABLES OF HYPERBOLIC LOGARITHMS.— TABLES OF NATURAL SINES, TANGENTS, 
—TABLES OP LOGARITHMIC SiNBS, TANGENTS, &C. 

" In these davs of advanced knowled^ a work like this Is of the sfreatest value. It contains 
a vast amount of intonnation. We unhesitating^ly say that it is the most valuable compilation for Its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, seaman, 
wood or uon shipbuilder, can afford to be without this work."— AauHcai Magrutitu. 

" Should be used by all wh<- are engaged in the construction or desini of vessels. . . . Will 
be found to contain the most useful tables and formulae required by shipbuilders, collected from the 
best authorities, and put tt^ether in a popular and simple form. It is of exceptional merit."— 
En^ifKer, ......... 

" A pocket-book of this description must be a' necessity fa the 'shipbuilding trade. It con- 
tains a mass of useful information clearly expressed and presented in a kandy foxm."-~MariM* 
Engineer. 

WANNAN'5 MARINE ENQINEER'5 QUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions; 
30a Elementary Questions with Illustrated Answers, and Verbal Questions 
and Answers complete Set of Drawings with Statements completed. By 
A. C. WANNAN,C.E.,Constilting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. With numerous Engravings. Fourth 
Edition, Enlarged. 500 pages. Large crown 8 vo, cloth . , Net "XQIQ 

" The book is clearly and plainly written and avoids unnecessary explanations and formulas, 
and we consider it a valuable book for students of marine engineering."— ASoM/t'co/ MagaMtne. 

WANNAN'S MARINE ENaiNEER'5 POCKET-BOOK. 

Containing Latest Board of Trade Rules and Data for Marine Engineers. 
By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought up to 
Date. Square i8mo, with thumb Index, leather . • . • • ff/O 

"There is a ijrreat deal of useful information In this little pocket-book. It Is of the rule-of- 
thumb order, and is, on that account, well adapted to the uses of the sea-going engineer."— 
Enginter. 

MARINE ENGINES AND STEAM VESSELS. 

By R. Murray, C.E. Eighth Edition, thoroughly Revised, with Additions 
by the Author and by George Carlisle, C.E. Crown 8vo, cloth . 4/6 
" An indispensable manual for the student of marine engineering."— Ziwr/»<>(?/ Mercuty. 

ELEMENTARY MARINE ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. By J. S. Brxwbr. 
Crown Svo, cloth ..••,...... 1/6 

" A useiful introduction to the more elaborate text-books."— 5M/lrv<a». 
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CHAIN CABLES AND CHAINS. 

Comprising Sues and Carves of Links, Stnds, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links, Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statntory Tests, 
Charges for Testing, List of Manufactnrers of Cables, &c., &c By 
Thomas W. Traill, F.E.R.N., M.Inst.C.£., Engineer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent, lAoyd'i Committee on Proving Establishments. 
With nnmerons Tables, Illustrations, and Lithographic Drawings. Folio, 

cloth £2 2a. 

" It contains a vast amoont of valuable Infonnatlon. Nothing saemi to be wanting to make it 
a complete and .«tandard work of nfatanoa oo tite subject."— A'aM/ira/ Magaxine. 



THE SHIPBUILDINQ INDUSTRY OF QERiVlANY. 

Compiled and Edited by G. Lbhmann-Felskowski. With Coloured Prints, 
Art Supplements, and numerous Illustrations throughout the text. Super- 
royal 4to, cloth Net \ 0/6 



\ 



SHIPS AND BOATS. 

By W. Bland. With numerous Illustrations and Models. Tenth Edition. 
Crown 8vo, cloth . i . . . 1/6 

SHIPS FOR OCEAN AND RIVER SERVICE. 

Principles of the Construction of. By H. A. Sommerfeldt. Crown 8vo 1 /6 

AN ATLAS OF ENGRAVINGS 

To illustrate the above. Twelve large folding^ Plates. Royai 4to, cloth 7/6 

NAVAL ARCHITECTURE. 

An Exposition of the Elementary Principles. By J. Peake. Or. 8vo, 
cloth 3/6 

THE ART XND SCIENCE OF SAILMAKING. 

By Samubl B. Sadlsr, Practical Sailmaker, late in the emplojrment of 
Messrs. Ratsey and Lapthorne, of Cowes and Gosport. Plates. 4to, cloth 

12/6 

" This extremely practical work gives a complete education in all the branches of the manu* 
facture, cutting out, roping, seaming, and goring. It is copiously Illustrated, and will form a first- 
rate text-book and ^Ioa,"— Portsmouth Tiffus. 

SAILS AND SAIL-MAKING. 

With Draughting, and the Centre of Effort of the Sails. Weights and 
Sizes of Ropes; Masting, Rigging, and Sails of Steam Vessels, &c. By 
R. Kipping, N.A. Crown 8vo, cloth " , 2/6 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, &c., 
relative to every class of vessels. By R. Kipping. Crown 8vo, cloth 2/0 

SEA TERMS, PHRASES, AND WORDS 

(Technical Dictionary of) used in the English and French langtiagct 
(English-French, French-English). For the Use of Seamen, Engineers, Pilots, 
Shipbuilders, Shipovmers, and Ship-brokers. Compiled by W. Pirkib, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . . 6/0 

"This Tolume will be hiehly appreciated by seamen, engineers, pilots, shiptmildeis and ship- 
owners. It will be found wondenully accurate and complete." — Scottman. 

SAILOR'S SEA BOOK: 

A Rudimentary Treatise on Navigation. Bv James Greenwood. B.A. 
With numerous Woodcuts and Coloured Plates. New and Enlarged 
Edition. By W. H. Rosser. Crown 8vo, cloth .... 2/6 
*' Is perhaps the best and simplest epitome of navigation ever compiled."— i^tW<^ 
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PRACTICAL NAVIGATION. 

Consisting of t}ie Sailor's Sea Book, by J. Greenwood and W, H, Rossrr; 

together with Mathematical and Nautical Tables for the Working of the 

Problems, by H, Law, C.E., and Prof. J. R. Young . . . , 7/O 

" A vast amount of information is contained in this volume, and we fancy in a very short 

time that it will be seen in the library of almost every ship or yacht afloat."— ^»nr'x Yachting 

Magazine. 

NAVIGATION AND NAUTICAL ASTRONOMY, 

In Theory and Practice. By Prof. J. R. Young. Crown 8vo, cloth . 2/6 
A very complete, thorough, and useful manual for the young navigator."— (>*J«n/a/«?0'. 

MATHEMATICAL TABLES, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms, by H. Law, C.E, With Tables for 
Navigation and Nautical Astronomy. By Prof. J. R. Young. Crown 8vo, 
cloth 4/0 



MINING, META1.JLURGY, AND 
COLLIERY WORKING. 



THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PETROLBUiVI INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Origin of Petroleum in 
Russia, a Description of the Theory and Practice of Liquid Furl, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Bebby Thompson, A.M.I. M.E., late Chief Engineer and Manager of 
the European Petroleum Company's Russian Oil Properties. About 500 pp. 
With numerous Illustrations and Photographic Plates, and a Map of the 
Balakhany-Saboontchy-Romany Oil Field. Royal 8vo, cloth. Net £3 Ss. 

MECHANICS OF AIR MACHINERY. 

By Dr. J Weishach and Prof. G. Herrmann. Authorized Tran lation 
with an Appendix on American Practice by A. Trowbridge, Ph.B., Adjunct 
Professor of Mechanical Engineering, Columbia Univer:>ity. Royal 8 o, c oth. 

[Just Puhlishea. Set 1 8/0 
Summary of Contents :— The Movement of Air.— N «tural and Artificial 
VENTILATION. — Blowing-Engines ;— Vacuum PUMPS; Tuyeres; Hot-air Blast; 
Work Performed by Blowers ; Blast-resp-kvoirs ; fiston-bh>wers.— Compres- 
sors.— rotary Blowers.— Fans.— Recent American practice &c. 

MACHINERY FOR METALLIFEROUS MINE5. 

A Practical Treatise for Mining Engineers^, Metallurgistt>. and Managers of 

Mines. By E. Henry Davies, M.E.. F.G.S. 600 pp. With Folding Plates 

and other Illustrations. Medium 8vo. cloth .... Set 2 6/0 

" Deals exhaustively with the many and complex details which go to make up the sum total of 

machinery and other requirements for the successful workinif of metalliferous mines, and as a book 

of ready reference is of the hi^^hest value to mine managfers and director*."— Aft'nin^ yoitmaL 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny (of Johannesburg). M.N.E I.M.E., Consulting Engineer to 
the General Mining and Finance Corporation, Ltd., of London, Berlin, Ptris, 
and Johannesburg. Fitlly Illustrated with Diagrams and Folding Plates. 

Royal 8vo, buckram Net 25 '0 

*' Mr. Denny by confining himself to the consideration of the future of the deep-level mines 
of the Rand breaks new ground, and by d^alingf with the subject rather from a commercial stand- 
point than from a scientific one, appeals to a wide circle of readers. The book cannot fail to prove 
of very great value to investors in aouth African mines."— A/t«tH^ yfiumaJ. 

PROSPECTING FOR GOLD. 

A Handbook of Practical Information and Hints for Praspectors based on 
Personal Experience. By Danibl J. Rankin, F.R.S.G.S., M. R. A. S., formerly 
Manager of the Central African Company, and Leader of African Gold Pros- 
pecting Expeditions. With Illustrations specially Drawn and Engraved for 

the Work. Fcap. 8vo, leather Net 7 '6 

" This well-compiled book contains a collection of the richest gems of useful knowledge for 

the prospe-tors benefit. A special table is given ro accelerate the spottine at a glance of minerabi 

associated with gold." — Mining yournal. 
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THE METALLURGY OP GOLD. 

A Practical Treatiae oo the Metallurgical Trealineot of GoM-bearinf Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. Eissuck, 
M.Inst. M.M. Fiftn Edition, Enlarged. With over 300 lUustratioos and 
numeront Folding Plates. Medium 8vo, cloth .... iVk/21/O 

" This book thoroughly Jam to tMe of a ' Practlcai Twatke.' The whole proccn of sold 

miiilnff. from the breaUncr of the quaitx to the asuy of the buffion, is desciibed fai dear and oraedf 
nairatiTe and with much, but not too much, fUneM of dt/t^"—SatMrtlaif Rtview. 

THE CYANIDE PR0CE55 OP GOLD EXTRACTION, 

And its Practical Application on the Witwatersrand Gold Fields and elsewhere. 
By M. EissLBR, M.InsLM.M. With Diagrams and Working Drawings. 
Thixd Edition, Revised and Enlarged. 8vo, cloth .... Nti 7/6 



"This book is Just what was needed to acquaint mining men with the actual woiUnc of a 
process wliioh is not only the Kost popular, but k, as a geneial lule, the most anoceaaftd mr the 
extzactlon of gold from tauings."— lfite«>v y9i«mtU, 

DIAMOND DRILLING POR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modem Diamond Core Drills in Pro- 

9[>ecting and Exploiting Mineral-Bearing Properties, including Particulars of 

the Costs of Apparatus and Working. By G. A. Dbnnt, M.N.E.Inst.M.E., 

M.Inst. M.M. Medium 8vo, z68 pp., with Illustrative Diagrams . 12/6 

" There is certainly scope for a work on diamond drilling, and Mr. Denny deserves gntefol 
recognition for supplying a decided wv>JL.''—MiniMf yottmoL 

GOLD ASSAYING. 

A Practical Handbook, giving the Modus Operandi for the Accurate Assay of 
Auriferous Ores and Bullion, and the Chemical Tests reauired in the Processes 
of Extraction by Amalgamation, Cyanidation, and Cnlorination. With an 
Appendix of Tables and Statistics. By H. Joshua Phillips, F.I.C., F.C.S., 
Assoc.Inst.C.E., Author of " Engineering Chemistry," &c With Numerous 
Illustrations. Large Crown 8vo, cloth ..... Net 7/6 

PIELD TESTING POR GOLD AND SILVER. 

A Practical Mannal for Prospectors and Miners. By W. H. Mbkritt, 
M.N.£.Inst.M.E., A.R.S.M., &c. With Photographic Plates and other 

Illustrations. Fcap. 8vo, leather Net 6/0 

"As an instructor of prospectors' classes Mr. Menritt has the advantage of knowing 
exactly the information likely to foe most raluable to the miner in the field. The contents cover 
all the details of sampling and testing gold and silver ores. A useful addition to a prospector's 
\!A."— Mining youmal. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 

Valuable Minerals. By J. W. Andbrson, M.A. (Camb.), F.R.G.S. Tenth 

Edition. Small crown 8vo, 8/6 cloth ; or, leather .... 4/6 

" Win supply a much-felt want, espedaOv among Colonists, hi iHioae way are so often tiuown 

many mineralogical specimens the value of which it is difficult to determine."-- £«%taMr. 

** How to find commercial minerals, and how to identify them when they are found, aie the 
leadfaig points to whkh attention is directed."— iAMfv J^wmaL 

THE METALLURGY OP SILVER. 

A Practical Treatise on the Amalgamation, Roasting^, and Lixiviation of Silver 
Ores. Including the Assaying, Melting^ and Refinmg of Silver Bullion. By 
M. EissLBK, M.Inst.M.M. Fifth Ediuon. Crown 8vo, cloth . 10/6 

** A practical treatise, and a technical work which we are convinced win supply a long-Mt 
want amongst practical men, and at the same time be of value to students and oomhs indirectly 
connected with the industries."— JAm>mc^ youmal. 

THE HYDRO-METALLURGY OP COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallnreical Treat- 
ment of Cupriferous Ores, Including the Manufacture of Copper vitriol, with 
Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores. 
By M. EissLER, M.Inst. M.M. 8vo, cloth .... NetlfllS 

" In this volume the various processes for the extraction of cooper by wet methods are fully 
detailed. Costs are given wht- n available, and a great deal of useful information about the copper 
industry of (he world is presented in ^ interesting and attractive manner."— ^('^^^ youmai. 
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THE METALLURGY OP ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EissLBR, M.Inst.M.M. Crown 8vo, cloth .... 12/6 

" The namerons metallurgical processes, which are fulljr and extensively treated of, embrace 
all the stages experienced in the passaee of the lead from the various natural states to its issue from 
the refinery as an article of commerce. —/Voc/tos/ Bnginur. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Daviks, F.G.S. Sixth Edition, thoroughly Revised and much 

Enlarged by his Son, E. Hbnrt Davibs, M.E., F.G.S. 600 pp., with 173 

Illustrations. Large crown 8vo, cloth ..... Ntt 1 2/6 

" Neither the practical miner nor the general reader, in t er e s t ed in mines, can have a better 
book for his companion and his guide."— iff mi>v youma/. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davibs, F.G.S., Author of " Metalliferous Minerals," &c. Thurd 

Edition, Revised and Enlarged by his Son, E. Hbnrt Davibs, M.E., F.G.S. 

With about 100 Illustrations. Crown 8vo, cloth 1 2/6 

" We do not remember to bave met with any English worlc oa mining matten that contains 
the same amount of informat^ pecked in equally cfmvenient f<ynn."—Acaaetf^ji. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robbrt 
Hunt, F.R.S., late Keeper of Mining Records. Upwards of 950 pp., with 
130 Illustrations. Second Edition, Revised. Super*royal 8vo, doth £2 2a* 

POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Formulae, Tables, and Notes for Use in Field and Office 
Work. By F. Danvbrs Powbr, F.G.S., M.E. Second Edition, Corrected. 

Fcap. 8vo, leather 9/0 

"This excellent book is an admirable example of its Und, and ought to find a Iaq;« sale 
amongst English-speaking prospectors and mining engineers."— £M(fsiw««r«^. 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 

Operations, Ore Dressing, &c. For the Use of Students and others interested 

in Mining Matters. Compiled by John Milnk, F.R.S., Professor of Mining 

in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather 7/6 

" Professor Milne's handbook is sure to be recelTed with favour by all connected with 
mining, and will be extremely popular among students."— ^JA«M<rwm. 

IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kbndall, F.G.S., Mining Engineer. Cro«m 8vo, cloth . . 1 6/0 

METALLURGY OF IRON. 

Containing History of Iron Manufacture, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By 
H. Bauermak, F.G.S., A.R.S.M. With numerous Illustrations. Sixth 
Edition, revised and enlarged. Crown 8vo, cloth .... 5/O 

" Carefully written, it has the merit of brevity and conciseness, as to less important points ; 
while all material matters are very fully and thoroughly entered 'mto."—Siafuiard. 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct'Acting Underground Steam 
Pumping Machinery. By Stephen Michbll. Second Edition, Re-written 
and Enlarged. With 250 Illustrations. Royal 8vo, cloth Nei 25/0 

HORIZONTAL PUMPING ENGINES.— ROTARY AND NON-ROTARY HORIZONTAI. 
ENGINES.— Simple and compound steam pumps.— VERTICAL PUMPING ENGINES.— 
rotary and non-rotary vertical engines.- simple and compound steam 
pumps. — triple-expansion steam pumps. — pulsating steam pumps. — pump 
Valves.— Sinking Pumps, &c., &c. 

"This Toiume contaiiis an immense amount of important and intefestiiig new matter. 
The book should undoubtedly prove of great use to all wiu> wish for information on the sut>- 
ject."— rA< Fnginter, 
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ELECTRICITY AS APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor of 
Coal Mining at the Yorkshire College, Vit toria University, Nf inine Engineer 
and CoUierv Manager; G. D. Aspinall Park, M.I.K.E., A.M.I.Af.E.. 
Associate of the Central Technical College, City and Guilds of London. Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University ; and Herbert Pbrkin, M.I.M.E.. Certificated Colliory Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire Colleee, 
Victoria University. With abont 170 Illustrations. Second Edition, Revised 
and Enlarged. Medium 8vo, cloth. L/*^^ Publisfud. Net 1 2/0 

(For Summary of CONtbnts, see pa^e 39.) 

THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries, 
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal* 
Mining Students preparing for First'dass Certificates. By Caleb Pamelt, 
Mining Engineer ana Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. Wiui over x,ooo Diagrams, Plans, and other Illustra- 
tions. Fifth Edition, Carefully Revised and Greatly Enlarged. z,aoo pp. 
Medium 8vo, cloth Net ^1 5«. 

Geology.— SHARCH for Coal.— mineral leases and other holdings.— 
Shaft Sinking.— Fitting Up the Shaft and Surface Arrangements.— Steam 
boilers and their fntings. -timbering and walling.- narrow work and 
Methods of working. — underground conveyance. -. Drainage.— the Gases 
MET with in Mines ; Ventilation. — On the Friction of Air in Mines. — the 
PRiESTMAN Oil Engine ; Petroleum and Natural Gas. — Surveying and 
Planning.— Safety Lamps and Firedamp Detectors.— Sundry and Incidental 
Operations and appliances.— Colliery explosions.— Miscellaneous Questions 

AND answers.— yf/Afufur; SUMMARY OF REPORT OF H.M. COMMISSIONERS ON 
ACCIDENTS IN MINES. 

" Eminently suited to thefpurpose for iriilch It te Intended, bdnv clear fateiestins, erhaiwrire. 
rich in detail, and np to date,^vtts docriptions of the latest machinei irereiy depaitment. A 
mimnir engineer could Kafcehr go wfaog who followed this waik."—C*iitery Guo^Moh. 

" Mr. Pamely has not only given na a comprehensive reference oook of a venr high order 
suitable to the requirements of mmlng englneeis and coQlery managers, but has aUo provided 
mining students with a class-book that u as uiterestlng as It is Instructive."— C«</tfc>y Manager. 

" This Is the most complete ' aO-ionnd ' work on coal-mlntng published tn the Haglish 
language. ... No library of ooalMninlng books Is complete withoat It."— C«//(Vry Bngi$tt»f 
(Scnuiton. Pa., U.S.A ). 

PRACTICAL COAL-MININQ. 

An Elementary Class-Book for the Use of Students attending Classes in Pre- 
paration for the Board of Education and County Council Examinations, or 
Qualifying for First or Second Class Colliery Managers' Certificates. By 
T. H. Cockin, Member of the Institution of Mining Engineers, Certificated 
Colliery Manager, Lecturer on Coal-Mining at Sheffield University College. 
With Map of the British Coal-fields and over 300 Illustrations specially Drawn 
and Engraved for the Work. 440 pages, Crown 8vo, cloth . . Net A^/S 

" The style of exposition is lucid, the diagrams are clear, and as a ' first-book' to put into the 
hands of an embryonic colliery manager, the volume is an unquestionable success."— A/t»x>i^ 

COLLIERY WORKING AND MANAQEMENT. 

Comprising the Duties of a Colliery Manager, the Oversight and Arrange- 
ment of labour and Wages, and the different Systems of Working Coal 
Seams. By H. F. Bulmam and R. A. S. Rkdmavnb. 350 pp., with 
96 Plates and other Illustrations, including Underground Jrhotographs. 
Medium 8vo, cloth. 1 5^0 

** This Is, Indeed, an admirable Handbook for ColUenr Managers, In fact It Is an indispensa b le 
adjunct to a CoDiery Manager's education, as well as bcsng a most useful and interesting work 
on the subject for all who in any way have to do with coal mimng. The underground photographs 
are an attractive feature of the work, being very lifelike and necessarily true representations of the 
scenes they depict."— C0/Mrf> Guardian. 

N0TE5 AND FORMULAE FOR MINING 5TUDENT5. 

By ToHN Herman Mbrivalb, M.A., Late Professor of Mining in the Durham 

College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 

Enlarged. By H. F. Bulman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6 

"The author has done his work In a creditable manner, and has produced a book that wQl 
be of service to students and those who are practically engaged in mining operations."<>.£>vi'M«fr. 
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PHY5ICS AND CHEMISTRY OF MINING. 

An Elementary Class-Book for the use of Students preparing for the Board 
of Education and County Council Examinations in Mining, or qualifying for 
Colliery Managers' Certificates. By T. H. Byrom, Chemist to the Wigan 
Coal and Iron Co., Ltd., &c. With Illustrations. Crown 8vo, cloth. 

[Just Published. Net 3/6 

NINO CALCULATIONS. 

For the use of Students Preparing for the Examinations for Colliery 
Managers' Certificates, comprising Numerous Rules and Examples in 
Arithmetic, Algebra, and Mensuration. By T. A. O Donahue, M.E., First- 
class Certificated Colliery Manager. Crown 8vo, cloth , . . 3/6 

COAL AND COAL MINING, 

By the late Sir Warington W. Smyth, M.A., F.R.S. Eighth Edition, 
Revised and Extended by T. Forster Brown, Chief Inspector of the Mines 
of the Crown and of the Duchy of Cornwall. Crown 8vo, cloth . 3/6 
" Every portion of the volume appears to have been prepared with much care, and as an out- 
line is given ofevery known coal-field m this and other countries as well as of the two principal 
methods of working, the book M'ill doubtless interest a very large number of readers."— Jl/»>«>»ir 
journal. 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowbs, D.Sc., Lond., 
F.I.C. With a Chapter on Thb Detection and Measurement of Petro- 
LEUM Vapour, by Boverton Redwood, F.R.S.E. Crown 8vo, cloth. Net 5/0 
" Professor Qowes has given us a volume on a subject of much industrial importance . . . 
Those Interested in these matters may be recommended to study this book, which is easy of compre- 
hension and contains many good things."— 77k Ennineer. 

COAL & IRON INDU5TRIE5 of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Meade. 8vo, cloth . . £1 8s. 
" a book of reference which no one engaged in the iron or coal trades should omit from 
bis library."— /rPM and Coal Trades Review. 

MINING TOOLS, 

Manual of. By W. Morgans, Lecturer on Mining at the Bristol School of 

Mines. Crown 8vo, cloth 2/6 

Atlas of Engravings to the above, containing 235 Illustrations drawn to 

Scale. 4to 4/6 

" Students, Overmen, Captains, Managers, and Viewers may gain practical knowledge and 
useful hints by the study of Mr. Morgans' Manual" — Colliery Guardian. 

SLATE AND SLATE QUARRYING. 

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., Mining 
Engineer, &c. With numerous Illustrations and Folding Plates. Fourth 
Edition. Crown 8vo, cloth 3/0 

" One of the best and best-balanced treatises on a special subject that we have met with."— 
En£iiteer, 

A FIRST BOOK OF MINING AND QUARRYING. 

By J. H. Collins, F.G.S. Crown 8vo, cloth "1/6 

" For those concerned in schools in the mining districts, this work Is the very thing that 
should be in the hands of their schoolmasters."— /r<7«. 

ASBESTOS AND ASBESTIC. 

Their Properties. Occurrence, and Use. By Robert H. Jones, F.S A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy 8vo, doth. , 1 6/0 
" An interesting and invaluable -wotk."— Colliery Guardian. 

GRANITES AND OUR GRANITE INDUSTRIES. 

By George F. Harris, F.G.S. With Illustrations. Crown 8vo, dotb 2/6 
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MINERAL SURVEYOR AND VALUER'S GUIDE. 

Comprising a Treatise on Improved Mining Surveying and the Valuation of 
Mining Properties, with New Traverse Tables. By W. Lintern, C.E., 
Fourth Edition, enlarged. Crown 8vo, cloth 3/6 

"Contains much valuable information, and is thoroughly trustworthy."— /fv» attd Coal 
Tradts Review. 

TRAVERSE TABLES. 

For use in Mine Surveying. By William Limtbkm, C.E. With two plates. 
Small crown 8vo, doth Net S/Q 

SUBTERRANEOUS SURVEYING. 

By T. Fenwick. Also the Method of Conducting Subterraneous Surveys 
without the use of the Magnetic Needle, &c. By T. Baker. Cr. 8vo. 2/6 

MINERALOGY, 

Rudiments of. By A. Ramsay, F.G.S. Fourth Edition. Woodcuts and 
Plates. Crown Svo, cloth 3/6 

PHYSICAL GEOLOGY, 

Partly based on Major-General Portlock's " Rudiments of Geology." By 
Ralph Tate, A.L.S., &c. Woodcuts. Crown Svo, cloth . . . 2/0 

HISTORICAL GEOLOGY, 

Partly based on Major-General Portlock's " Rudiments." By Ralph 
Tate. Crown Svo, cloth 2/6 

GEOLOGY, 

Physical and Historical. Consisting of " Physical Geology," which sets 
forth the Leading Principles of the Science ; and " Historical Geology," 
which treats of the Mineral and Organic Conditions of the Earth at each 
successive epoch. By R. Tate. Crown Svo, cloth .... 4>/6 



ELECTRICITY, ELECTRICAL 
EN GINEERING, ETC. 

THE ELEMENTS OF ELECTRICAL ENGINEERING. 

A First Year's Course for Students. By Tyson Sbwbll, A.I.E.E., Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, 
Regent Street, London. Third Edition, Revised and Enlarged, including an 
Appendix of Questions and Answers. 460 pages, with 274 Illustrations. Demy 
Svo, cloth. [Just Hublisked. Net 7 IS 

Ohm's Law.— Units Employed in electrical engineering.— Series and 

parallel CiRCOiTS ; CUltRENT DeNSITV AN6 POTENTIAL DROP IN THE CIRCUIT.— 

The Heating Effect of the Electric Current.— The Magnetic Effect of ah 
ELECTRIC Current.— The Magnetisation of I ron.— Electro-chemistry ; Primary 
Batteries.— Accumulators.— Indicating instruments ammeters. Voltmeters, 

OHMMETERS.— ELECTRICITY SUPPLY METERS. —MEASURING INSTRUMENTS, AND THE 

Measurement of Electrical Resistance. — Measurement of Potential Dif. 
FBRENCE, Capacity Current strength, and Permeability.— arc Lamps.— Incan- 
descent Lamps, Manufacture and installation ; photometry. — The Con* 

TINUOUS current DYNAMO.— DIRECT CURRENT MOTORS.— ALTERNATING CURRENTS. 

—Transformers, Alternators, Synchronous Motors.— Polyphase working.— 
Appendix of Questions and answers. 

"An excellent treatise for students of the elementary facts connected with electrical 
tugtneervag." — Th^ EUctrician, 

" One of the best books for those commencing the study of electrical engineeringf. Every* 
thing is explained in simple language which even a beginner cannot fail to understand."— iffVi'ifMr. 

" One welcomes thts book, which is sound in its treatment, and admirably calculated to give 
students the knowledge and information they most require." — Nature. 

ELEMENTARY ELECTRICAL ENGINEERING 

In Theory and Practice. A Class-book for Junior and Senior Students, and 
Worlcing Electricians. By J. H. Alexander, M.B., A.LE.E. With i8i 
Illustrations. Crown Svo, cloth. [/jm^ Published, Net 3/B 

THE ELECTRICAL TRANSMISSION OF ENERGY. 

A Manual for the Design of Electrical Circuits. By Arthur Vaughan 
Abbott CE.j Member American Institute of Electrical Engineers, Member 
American Institute of Mining Engineers, Member American Society of Civil 
Engineers, Member American Society of Mechanical Engineers, &c. With 
Ten Folding Diagrams and Sixteen Full-page Engravings. Fourth Exlition, 
entirely Re- Written and Enlarged. Royal Svo, cloth . . Net 30/0 
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ELECTRICITY A3 APPLIED TO MINING. 

By Arnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor of 
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager; G. D. Aspinall Parr, M.I.E.E., A.M.I.M.E., 
Associate of the Central Technical College, City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College, Victoria 
University; and Herbert Perkin, M.I.M.E., Certificated Colliery Manager, 
Assistant Lecturer in the Mining Department of the Yorkshire College, 
Victoria University. With about 170 Illustrations. Second Edition, Revised 
and Enlarged. Medium 8vo, cloth. [fust Published. Net 1 2/0 

Introductory. — dynamic electricity. — Driving of the Dynamo. — The 
Steam turbine.~Distribution of Electrical energy.— starting and stopping 
Electrical generators and Motors.— Electric Cables.— Central Electrical 
plants.— El^ctri'city applied to pumping and Hauling.— Electricity applied 
to Coal-Cutting.- typical electric plants Recently Erected. — Electric 
Lighting by Arc and Glow Lamps— Miscellaneous applications of Electricity 
—Electricity as Compared with other modes of Transmitting power.— 
Dangers of Electrictty. 

" The work is well written, and exactly suited for rapid reference by men to whom time is 
an object of the first importance." — Athenttutn. 

"Ought to find a place in the library of all who are interested in the latest development of 
this branch of mining engineering."— ^/ifc/nV-a/ Review. 

CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits, Pole-Line 

Construction, Underground Working, and other Uses. By F. A. C. Perrinb, 

A.M., D.Sc. ; formerly Professor of Electrical Engineering, Leland Stanford, 

Jr., University ; M.Amer.I.E.E. 8vo, cloth .... Net 20/0 

Conductor Materials— Alloyed Conductors— manufacture of Wire— 
Wire-Finishing— Wire insulation— Cables— Calculation of circuits— Kelvin's 
Law of Economy in conductors— Multiple arc Distribution— alternating 
CURRENT Calculation— Overhead Lines— Pole Line— Line Insulators— Under, 
ground Conductors. 

DYNAMO ELECTRIC MACHINERY: Its CONSTRUC- 
TION, DB510N, and OPERATION. 

By Samuel Sheldon, A.M., Ph.D., Professor of Physics and Electrical Engi- 
neering at the Polytechnic Institute of Brooklyn, assisted by H. Mason, B.S. 
In two volumes, sold separately, as follows : — 
Vol. I.— DIRECT CURRENT MACHINES. Fifth Edition, Revised. Large 
crown 8vo. 280 pages, with 200 Illustrations . . Net 1 2/0 
Vol. II.— ALTERNATING CURRENT MACHINES. Large crown 8vo. 260 

pages, with 184 Illastrations Net 1 2/0 

Desifiraed as Text-books for use in Technical Educational Institutions, and. by Engineers 
whose work includes the handlings of Direct and Alternating Current Machines respectivdy, and 
for Students proficient in mathematics. 

DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS 

FOR ELECTRICAL ENGINEERS. 

A Practical Book dealing vdth the subject of Direct, Alternating and Poly> 

phase Currents. By William R. Bowker, C.E., M.E., E.E., Consulting 

Tramway Engineer. 8vo, cloth Net 6/0 

" Mr. Bowker's book consists chiefly of diag-rams of connections, with short explanatory 
notes, there are over loo diagrams, and the cases considered cover all the more important circuits, 
whether in direct current, single-phase, or polyphase work." — Nature. 

ARMATURE WINDINGS oP DIRECT CURRENT DYNAMOS. 

Extension and Application of a General Winding Rule. By E. Arnold, 
Translated from the German by F.B. Db Grbss. 8vo, doth . Net 12/0 

POWER TRANSMITTED BY ELECTRICITY, 

And applied hy the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. Third Edition, Fully Revised, and New 
Matter added. With 94 Illustrations. Crown 8vo, cloth . . Net 9/0 

THE MANAGEMENT OP DYNAMOS. 

A Handybook of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and othos in Charge of Djrnamos. By G. W. Lummis-Patbkson. 

Third Edition, Revised. Crown 8vo, cloth 4/6 

" The subject Is treated In a manner which any intelligrent man who is fit to be entrusted with 

charge of an entfine should be able to understand. It is a useful book to all who make, tend, or 

timptoy elisciru: suAciiuMxy." —Architta. 
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DYNAMO CONSTRUCTION. 

A Practical Handbook for the Uie of Enffineer-Constmctors and Blectriciana- 
to-Charge. Embracing Framework Building, Field Magnet and Armature 
Winding and Grouping, Compounding, &c. By J. W. XJsquhaxt. Second 
Edition, Enlarged, witb 1x4 Illustrations. Crown 8vo, doth . 7/B 

^ Mr. Urquhait's book is the fiist one which deab with these matten tai SDch a way that the 



student can undeistaad them. The book Is venr leadable, and the anthor leads Us 



readafs ap to dUBcnlt su bj e ct s bf leesonibiy simple tmftM.''^-Mng^murimsr RttHtm, 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing lUnstrations and Detailed 
Instructions for Constructing a Small Dynamo to Produce the Electric Light. 
By Alvkxd Csom. Seventh Edition. Crown Bvo, cloth . • . 2/0 

WIRELE55 TELEGRAPHY; 

Its Origins, Development, Inventions, and Apparatus. Bv Chaklbs Hbnrt 
Sbwall. With 85 Diagrams and Illustrations. Bvo, doth . AV/ 10/6 

SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in part on WGnschkm* 
dorpf's " Trait6 de Til^graphie Sous-Marine," and Compiled from Authorita* 
tive and Exdusive Sources. By Chasxjb Bright, F.R.S.E., A.M.Inst.CE., 
M.I.E.E. 780 pp., fully Illustrated, including Maps and Folding Plates. 

Royal 8vo, cloth Ntt £8 Ss. 

** There are few. If any, persons more fitted to write a treatlae on submarine telecraphy than 
Mr. Charies Bright. He has done his work admirably, and has written in a way wnlcn wiO 
appeal as much to the layman as to the engineer. This admirable Tolume must, for many years to 
come, hold the position of the English dasic on submarine telegraphy."— J?M^*M«r. 

" This book is full of infonnation. It makes a book of reference whicn should be in every 
engineer's library."— Ais/wrr. 

ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Use of Electrical Engineers and Artisans, Teachers, Students, and all 

others interested in the Theory and Application of Electricity and Magnetism. 

By Prof. A. A. Atkinson, Ohio University. Crown 8vo, cloth Net Q/O 

"To teachers and those who already possess a fair knowledge of their subject we can recom* 

mend this book as being useful to consult when requiring data or formulae which it is neither con* 

venient nor necessary to retain by memory."— 7A« EUctridan. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popcdar Encyclopsedia of W<nds and Terms Used in the Practice of Electrical 
Engineering. Containing upwards of 3^000 definitions. By T. O'Conos 
Sloanb, A.M., Ph.D. Third Edition, with Appendix. Crown 8vo, 690 op., 

390 Illustrations, cloth Net 7/6 

" ilie work has many attractive features bi it, and Is, beyond doubt, a well put together and 

nseful publication. The amount of ground coTOied nuy be gathered from the fact that in the Index 

about 5,000 veteeaces wUl be taaxnAJ^-'SUariaU JUvUw. 



THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Rules, Formulae, Tables, and Data. By H. R. Kbmpb, 
M.I.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
" A Handbook of Electrical Testing." Second Edition, samo, leather 6/0 

" It Is the best book of Its ldn±"—SUaricai Sngituer. 

" The Electrical Engineer's Pocket-Book is a good oo»."—Slec*rMan. 

" Strongly recommended to those engaged in the electrical indiutdn."-~SltciHcai JUvitw, 

ELECTRIC LIQHTINQ (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.InstCE., M.I.E.E. Sixth Edition. 
With x6 Illustrations. Crown 8vo, cloth 1/6 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 

Djmamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 

By J. W. Urquhart, C.E. Seventh Edition. Crown 8vo, cloth . 7/6 

"The whole ground of electric lighting Is more or less covered and explained In a very clear 

and concise vaasiaiK"~-EUafical Review. 

ELECTRIC LIGHT FOR COUNTRY H0U5E5. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Fourth Edition, Revised. Crown 8vo, wrapper I/O 
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ELECTRIC LIGHT FITTINQ. 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart. With numerous Illustra- 
tions. Fourth Edition, Revisedi Crown 8vo, cloth 5/0 

" This Tolume deals with the mechanics of electric llghtingr, and Is addressed to men who 
aie already engaged in the work, or are training for it. The work traverses a great deal of ground, 
and may be read as a sequel to the author's useful work on ' Electric U^t.' —BUcirician. 

ELECTRIC 5HIP-LIQHT1NQ. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant. 
For the Use of Sbipowneis and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. By J. W. Urquhart, C.E. Third Edition, Revised 
and Extended. With 88 Illustrations, Crown 8vo, cloth . . . 7/6 
" Mr. Urquhart is to be highly complimented for placing such a valuable work at the service 
of marine electricians."— 7^ Steamship. 

DYNAMIC ELECTRICITY AND MAGNETISM. 

Bv Philip Atkinson, A.M., Ph.D.^ Author of " Elements of Static 
Electricity," &c. Crown 8vo, 4x7 pp., with xso Illustrations, cloth . 10/6 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. 650 pp., with 470 Illustrations. Crown Bvo, cloth. 

9/0 
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SPECIFICATIONS IN DETAIL. 

By Frank W. Macey, Architect, Author of "Conditions of Contract." 
Second Edition, Revised and Enlarged, containing 644 pp., and 2,000 Illustra- 
tions. Royal 8 vo, cloth iVi?/ 21/0 

Summary of contents:— General Notes (including Points in Specification 
Writing, The Order of a Specification, and Notes on Items often Omitted 

FROM A specification).— FORM OF OUTSIDE COVER TO A SPECIFICATION.— SPECIFICA- 
TION CF Works and List of GE^ERAL Conditions.— Preliminary items (including 
Shoring and house Bkeakeiu.— Drainage (including Rain-water Wells and 
Reports).— Excavator (including Concrete Floors, roofs. Stairs and walls). 
— Pavior.- Bricklayer (including Flintwork, river and other walling. Spring- 
water Wells, Storage Tanks, Fountains, Filters, Terra Cotta and Faience).— 
Mason.— Carpenter, Joiner and Ironmonger (including Fbn'cing and Piling).— 
Smith and Founder (including Heating, Fire Hydrants, Stable and Cow-house 

FrrriNGSJ.-SLATER (INCLUDING SLATE MASON).— TiLBR.— STONE TiLBR.— SHINGLER.— 

Thatcher. — Plumber (including Hot-water work). — Zincworker. — Copper- 
smith. — Plasterer. — Gasfittbr. — bellhanger. — Glazier. — Painter. — Paper- 
hanger.- General Repairs and Alterations.— Ventilation. — Road-making. — 
Electric Light.— index. 

"We strongly advise every student to purchase the volume and carefully study, while to the 
older practitioner we would say, have it by you as a most useful work of reference." — Architectural 
Association Notes. 

LOCKWOOD'5 BUILDER'5 PRICE BOOK for 1906. 

A Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re-constructed, Re-written, ana 
Greatly Enlarged. By Francis T. W. Millbr. 800 closely-printed paees, 
crown 8vo, cloth. [fust Published 4/0 

" This book is • very useful one, and should find m place in ereiy English office connected 
with the buUdine and engineering professions."— /'MAM'/rtw. 

" An excolent boolc of refwence."— ^fvMtect 

" Comprehensive, reliable, well ananged, legible and well haastA,'' ^British ArthUuL 

PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparing; for Examinations, and a Book of 
Reference for Persons Engaged in Building. By John Parnbll Allbn, 
Surveyor, Lecturer on Building Construction at the Durham College of 
Science, Newcastle-on-Tyne. Fourth Edition, Revised and Enlarged. 
Medium 8vo, 570 pp., with over x,ooo Illustrations, cloth . . Net 7/6 
" The most complete exposition of building omstiuction we have seen. It contains all that is 

necessary to prepare students fbr examinations in kuilding construction."— Aw^Miiv ^'■u. 

** The author depends nearly as much on his diagrams as on his type. The pages su g g est 

the hand of a man of experience in building operations— and tiie volume must be a weiiing to 

many teachers as well as to students."— TVk ArchUtet, 
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5PBCIPICAT10N5 FOR PRACTICAL ARCHITECTURB. 

A Guide to the Architect, Engioeer, S m re ym , and Bnllder. Upon the Baau 
of the Work by A. Baxtholoiww, Revised, by F. "RoGxas, 8yo, cloth 1 5/0 
** One ol the tooks with wbkh eveiy young aichltect nrait be eqnipped."— ^naWOnrf. 

SCIENCE OF BUILDING : 

An Elementary Treatise on the Principles of Construction. By E. Wynd- 
HAM Tarn, M.A. Lond. Fourth Edition. Crown 8vo, cloth . . 3/6 

ART OP BUILDING, 

Rudiments of. General Principles of Construction, Character, Strength, 
and Use of Materials, Preparation of Specifications and Estimates, &c. 
By Edward Dobson, M.Inst.C.E. Fifteenth Edition, revised bv J. P. 
Allrn, Lectinrer on Building Construction at the Durham College of 

Science. Crown 8vo, cloth 2/0 

" A good book for practical knowledge, and about the best to be ohtaxD.eA."—Btt£ldtHg News. 

BOOK ON BUILDING, 

Civil and Ecclesiastical. By Sir Edmund Beckett, Bart., LL.D. Second 

Edition. Crown Svo, cloth^ 4/6 

" A book which is always amusing and nearly always instructive."— Ti'm^j-. 

BUILDING ESTATES: 

A Treatise on the Development, Sale, Purchase, and Management of 

Building Land. By F. Maitland. Fourth Edition. Crown Svo, cloth 2/0 

" This book should undoubtedly be added to the library of every professional man dealing 
with building land." — iMtid A^ttifs Record. 

COTTAGE BUILDING. 

By C. Bruce Allen. Twelfth Edition, with Chapter on Economic 
Cottages for Allotments by E. E. Allen, C.E. Crown 8vo, cloth . 2/0 

DWELLING-HOUSES, 

Erection of, illustrated by a Perspective View, Plans, Elevations, and 
Sections of a Pair of Villas, with the Specification, Quantities, and Estimates. 
By S. H. Brooks. Crown 8vo, cloth 2/6 

FARM BUILDINGS: 

Their Arrangement and Construction, with Plans and Estimates. By Pro- 
fessor J. Scott. Crown Svo, cloth 2/0 

" No one who is called upon to design farm buildings can afford to be without this work."— 
BtHlder. 

SHORING, 

And its Application. By G. H. Blagrove. Crown Svo, cloth . .1/6 
" We recommend this valuable treatise to all students."— ^»xA/t»^ News. 

ARCHES, PIERS, BUTTRESSES. 

By William Bland. Crown Svo, cloth 1/6 

PRACTICAL BRICKLAYING. 

General Principles of Bricklaying; Arch Drawing, Cutting, and Setting, 
Pointing; Paving, Tiling, &c. By Adam Hammond. With 68 Woodcuts. 

Crown 8vo., cloth 1 /Q 

" The young bricklayer will find it infinitely valuable to Misa."— Glasgow Herald. 

ART OF PRACTICAL BRICK-CUTTING AND SETTING. 

By Adam Hammond. With 90 Engravings. Crown Svo, cloth . 1 /6 

BRICKWORK : 

Embodying the General and Higher Principles of Bricklaying, Cutting and 
Setting; with the Application of Geometry to Roof Tiling, &c. By F. 

Walker. Crown Svo, cloth 1/6 

"Contains all that a student needs to learn from \^io\i%"— Building News. 

BRICKS AND TILES, 

Rudimentary Treatise on the Manufacture of. Containing an Outline of 

the Principles of Brickmaking. Bv E. Dobsom, M.R.I.B.A. Additions by 

C. ToMLiNSON, F.R.S. Illustrated. Crown Svo, cloth . . . 3/0 

" The best handbook on the subject. We can reconmiend it as a good investment." — Builder. 
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PRACTICAL BRICK AND TILE BOOK. 

Comprising: Brick and Tile Making, by E. Dobson, M.Inst.C.E. ; Practical 
Bricklaying by A. Hammond, Brick-Cutting and Setting, by A. Hammond. 
550 pp., with 270 Illustrations, strongly half -bound .... Q/Q 

PRACTICAL MA50NRY, 

A Gnide to the Art of Stone Cutting. Comprising the Construction, Setting- 

Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden* 

tives. Vaults, Tracery Windows, &c. ; to which are added Supplements 

relatmg to Masonry Estimating and Quantity Surveying, and to Building 

Stones and Marbles, and a Glossary of Terms. For the Use of Students, 

Masons, and Craftsmen. By W. R. Purchasb, Building Inspector to the 

Borough of Hove. Fifth Edition, Enlarged. Royal 8vo, 226 pp., with 53 

Plates, comprising over 400 Diagrams, cloth . . Net 7/6 

" The book Is a practical treatise. Most of the examples {?iven are from actual work 

carried out. it should be found of general utility to azchitecturai students and others, as well as to 

those to whom it is soedallv addressed."— 7<w*^Ma/ c/the Royal Institute t/ British ArchittOs. 

MASONRY AND STONECUTTINQ, 

The Principles of Masonic Projection, and their Application to Construc- 
tion. By E. Dobson, M.R.I. B. A. Crown 8vo, clotn . . . 2/6 

MODERN LIGHTNING CONDUCTORS. 

An Illustrated Supplement to the Report of the Lightning Research Com- 
mittee of 1905, witn Notas as to the Methods of Protection, and Specifica- 
tions. By KiLLiNGWORTH HEDGES, M.Iust.C.E., M.I.E.E., Honorary 
Secretary to the Lightning Research Committee, Author of " American 
Street Railways." Medium 8vo, cloth. [Jwt Published. Net 6/6 

" The illustrations are very interesting and give one a clear idea of what is likely to happen 
when a building is struck by ligntning. Mr. Hedges' suggestions of possible reasons why certain 

Erotected buildings were struck are instructive. He also explains the modem methods of fitting 
uildings with lightning conductors. To the ordinary reader the book will be of interest, and to 
anyone who tias to design a system for protecting a building from lightning strokes it will be 
helpful"— Bit7Mer. 

" The damage done by lightning to various buildings throughout the country is shown by 
sketches and photographs which make the path of the lightning clear. In the book will be found 
the suggestions and rules of the Research Committee, which were drawn up after a consideration 
of the reports on a large number of lightnine strokes. These are commented on bjr the author, 
who gives also some specifications which will guide surveyors and architects in the right 
direction. . . . The information given in the volume is most valuable."— Electrical Engineer. 

MODERN PLUMBING, STEAM AND HOT WATER 

HBATINO. 

A "Work for the Plumber, the Heating Engineer, the Architect, and the Builder. 
ByJ. J. Lawler. With a84 Illustrations. 4to, cloth . . Net 21/-* 

PLUMBING : 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Ninth Edition, with 512 Illustrations Crown 8vo, cloth . . . 3/6 

" A text-book which may be safely put into the hands of every young plumber, and which 
will also be found useful by arcnitects ana medical professors."— ^«i7<*?r. 

HEATING BY HOT WATER, 

VENTILATION AND HOT WATER SUPPLY. 

By Walter Jones, M.l.M.E. 360 pages, with 140 Illustrations. Medium 
8vo, cloth iV>/ 6/0 

THE PRACTICAL PLASTERER: 

A Compendium of Plain and Ornamental Plaster Work. By W, Kemp. 
Crown 8vo, cloth . . . 2/0 

CONCRETE: ITS NATURE AND U5E5. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 

G. L. SuTCLiFFB, A.R.I.B.A. Second Edition, Revised and Enlarged. 396 

pp., with Illustrations. Crown 8vo, cloth. L/w-r/ Puilished. Net 9/0 

** The author treats  dUBcult subject In a hidd manner. The mannai fills a looff-felt gap. 
It Is careful and eshuistiTe ; equally useful as a student's guide and an aichltect s book of 
refefence."— y^MTNo/ ^^u Rayal InstUute ^British ArdUUeU. 
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PORTLAND CEMENT FOR USERS. 

By the late Henry Faija, M.Inst.C.E. Fifth Edition. Revised and 

Enlarged by D. B. Butler, A. M.Inst.C.E. Crown 8vo, cloth . . 3/0 

** Supplies in a small compass all that is necessary to be known by users of cement." — 
BuildiH£' Jveufs. 

LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS. 

PLASTBRINQ, Ac. 

By G. R. BuRNELL, C.E. Fifteenth Edition. Crown 8vo, cloth . 1 /6 

MEASURING AND VALUING ARTIFICERS' WORK 

glie Student's Guide to the Practice oO* Containing Directions for takins 
imensions, Abstracting the same, and bringing the (^^lantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by £. Dobson, Architect. With Additions 
by E. W. Tarn, M.A. Seventh Edition, Revised. Crown 8vo, cloth. 7/6 
"The most complete trestlae on the principles of measuring and valuing artificers' work." 
—BuiUiHsr News. 

QUANTITIES AND MEASUREMENTS, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters', Paperhangers", 
Gilders', Smiths', Carpenters' and Joiners' Work. By A. C. Beaton, 

Surveyor. Crown 8vo, cloth 1/6 

*' This book is indispensable to builders and their quantity clctks."— English Mechanic. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surve3r(»s. Containing Technical Directions for Measuring 
Work m all the BuildiiA Trades, Oxnplete Spec^cations for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Buildii^ 
collectively. By A. C. Beaton. Tenth Edition. Waistcoat-pocket size. 1 /6 
•• No buUder, aichltect, surveyor, or Tafaier ihouM be without Us ' Beaton. ' "—BuUtUiv News. 

COMPLETE MEASURER; 

Setting forth the Measurement of Boards, Glass, Timber, and Stone. By 
R. HoRTON. Sixth Edition. Crown 8vo, cloth 4/0 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair? A Price Book for Un- 
professional People as well as tne Architectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Millbr, A.R.I.B.A. Fifth Edition. 

Carefully Revised. Crown 8vo, doth Net 3/6 

" In two years It will repay its cost a hundred times o^itix"—Fi*ld. 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Tenancy, and Com- 
pulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 
Seventh Edition. x2mo, cloth O/O 

"The advice is thoroughly practical."— Zaw youmaL 

" For all who have dealings with house property, this is an indispensable guide."— /)«r0nsMM». 

" Carefully brought up to date, and much improved by the addition of a division on Fine Art. 
A well-written and thoughtful work."— Z^m^ Agents^ Record, 

ARCHITECTURAL PERSPECTIVE. 

' The whole Course and Operations of the Drat^htsman in Drawing a Large 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 

Fbrguson. Third Edition 8vo, boards 8/6 

" ^t is the most faiteOigible of the treatises on this ill-treated subject that I have met with."— 
E. INGRBSS BBLL. ^JSQ.,\iittM R.I.S.A. journal. 

PERSPECTIVE FOR BEGINNERS 

For Students and Amateurs in Architecture, Painting, &c. By G. Pyne. 
Crown 8vo, cloth 2/0 

PRACTICAL RULES ON DRAWING. 

For the Builder and Young Student in Architecture. By G. Pyne. 4to 7/6 
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THB MECHANICS OP ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects, 
By E. W. Tarn, M.A.. Author of ^ The Science of Building," &c. Second 
Edition, Enlarged. lUustrated with zas Diagrams. Crown Svo^ cloth 7/6 
" The book Is a very usefiil and helpful manual of architectural mechanics."— ^MtVticr. 

A HANDY BOOK OP VILLA ARCHITECTURE. 

Being a' Series of Designs for Villa Residences in various Styles. With 
Outline Specifications and Estimates. By C. Wickbs, Architect, Author of 
"The Spires and Towers of England," &c. 6z Plates, 4to, half-morocco, gilt 
edges £1 11a. 6d. 

DECORATIVE PART OP CIVIL ARCHITECTURE. 

By Sir William Chambbrs, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination op Grecian Architbcturb, by Josbph Gwilt, F.S.A. 
Revised and Edited by W. H. Lbbds. 66 Plsrtes, 4to, cloth . 21/0 

HINTS TO VOUNQ ARCHITECTS. 

By Georgb Wightwick, Architect, Author of "The Palace of Architec- 
ture," &c., &c. Sixth Edition, revised and enlarged by G. Huskisson 

Guillaume, Architect. Crown 8vo, cloth 3/6 

"Ougfht to be considered as necessary a purchase as a box of 'vasXt\xaiQVits."— Architect. 

THE ARCHITECT'S GUIDE. 

Being a Text-book of Useful Information ioc Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c. By F. Rogbrs. Crowrn 8vo. 3/6 

ARCHITECTURE— ORDERS. 

The Orders and their iEsthetic Principles. By W. H. Leeds. Cr. 8vo. 1 /6 

ARCHITECTURE— STYLES. 

The History and Description of the Styles of Architecture of Various 
Coimtrles, irom the Earliest to the Present Period. By T. Talbot Bury, 

F.R.I.B.A., &c. Illustrated. Crown 8vo, cloth 2/0 

"Orders AND Styles OF Architecture," »n On« Fo/. . . . 3/6 

ARCHITECTURE -^DESIQN. 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

L. Garbett, Architect. Crown 8vo, cloth 2/6 

" We know no work- that we would sooner recommend to an attentive reader desirous to 
obtain clear views of the nature of architectural art. The book is a valuable one."— 5«iV<fc/'. 

*+* The three preceding IVorks in One handsome Vol., half -bounds entitled 

"Modern Architegturk," price 6/0* 

ARCHITECTURAL MODELLING IN PAPER, 

The Art of. By T. A. Richardson. Crown 8vo, cloth . .1/6 

" A valuable aid to the practice of architectural modelling." — Builder's IVeekly Reporter. 

VITRUVIUS — THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLIO. 

In Ten Books. Translated from the Latin by J. Gwilt. With 23 Plates. 

Crown 8vo, cloth 5/0 

N.B. — This is the only Edition of Vitruvius procurable at a moderate price. 

GRECIAN ARCHITECTURE, 

An Inqui^ into the Principles of Beauty in ; with an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl of Aberdeen 1 /O 
*♦* The two preceding Works in One handsome Volume, half-bound, entitled 

"Ancient Architecture," price 6/0- 

ACOUSTICS OF PUBLIC BUILDINGS: 

The Laws of Sound as applied to the Arrangement of Buildings. By 
Professor T. Roger Smith, F.R.LB.A. New Edition, revised. Witb 
numerous Illustrations. Crown 8vo, cloth 1/6 

LIGHT: 

An introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E. W. Tarn. 
M.A. Crown 8vo, cloth 1/6 

c 2 
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THB HEALTH OFFICER'S POCKET-BOOK. 

A Gnide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. WiLLOUGHBT, M.D. (Lond.), &c. Second Edition, Revised and Enlarged. 

Fcap. Bvo, leather Nti 1 0/6 

" A mine of condensed infonnation of a pertinent and useful Und. The various subjects 
of which it treats beintr succinctly but fully and scientifically dealt with."— rA< Lancet. 

" We recommend a'l those eofiagzd in practical sanitary work to fiimish themselves with a 
copy for reference."— 5tf«irafy yourual. 

THE WATER 5UPPLY OF TOWNS AND THE CON- 

STRUCTION OF WATBR-WORICS. 

By Pkopbssor W. K. Burton, A.M.Inst.C.E. Second Edition, Revised 
and Extended. Royal 8vo, cloth. (See page z2.) . • £1 6s. 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr, A.M.Inst.C.E., and M.Inst.M.E Imp. 4to, half- 
bound morocco. (See page z2.) . Net £6 6ft. 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Anthorities, Sanitary Officers, and others 
interested in Water Supply. By S. Ridbal, D.Sc. Lond., F.I.C. Second 
Edition, Revised, with Additions, including numerous Illustrations and Tables. 
Large Crown 8vo, cloth N*t 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
worlcs for Small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 
andW. T. Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 6/0 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns. By C. Slagg, A.M.Inst.C.E. 7/6 

THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewaee Purification, and 
their Practical Application. By Sidney Barwisb, M.D. (Lond.), B Sc., 
M.R.C.S., D.P.H. (Camb.), Fellow of the Sanitary Institute. Medical Officer 
of Health to^ the Derbyshire County Council Second Edition, Revised and 
Enlarged, with an Appendix on the Analvsis of Sewage and Sewage Effluents. 
With numerous Illustrations and Diagrams. Demy 8vo, c'oth. Aet 10'6 
Summary of Contents : — sewage : its Nature and composition.— The 
Chemistry OF Sewage.— Varieties OF Sewage anu the Changes it Underggrs.— 
River pollutiom and its Effects.— the Land Treatment of Sewage.— precipi- 
tation, PRECIPITANTS. AND TANKS.— THE LIQUEFACTION OF SEWAGE.— PRINCIPLES 
INVOLVED IN THE OXIDATION OF SEWAGE.— ARTIFICIAL PROCESSRS OF PURIFICATION.— 
AUTOMATIC DISTRIBUTORS AND SPECIAL FILTERS.— PARTICULARS OF SEWERAGB AND 
SBWAGE DISPOSAL SCHPMES REQUIRFD BY LOCAL GOVERNMENT BOARD.— USEFUL 
T>KTA.—Ap*endix : THE APPARATUS REQUIRFD FOR SFWAGH ANALYSIS.— STANDARD 
SOLUTIONS USED IN THE METHOD OF SbWAGB ANALYSIS.— 7a*/M ; ESTIMATION op 
AMMONIA.— NITROGHN AS NITRATES.— INCUBATOR TEST, OXYGEN ABSORBED.— TO 

CONVERT Grains per Gallon to Parts per ioo,ooo. 

"The book will be of use to those who are responsible for directing and advising' on the 
treatment of sewage. The information furnished, as a whole, is reasonably accurate and up.to-date." 
—Nature. 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charles Slagg, A.M.Inst.C.E. Third Edition, Enlarged. Crown 

8vo, cloth 3/0 

" This is a very useful book. There is a great deal of work required to be done in the 
suialler towns and villages, and this little volume will help those who are willing to do it."— Bui/der. 

VENTILATION: 

A Text-Book to the Practice of the Art of Ventilating Buildings. By W. P. 
BtTCHAN. With 170 illustrations. Crown 8vo, cloth **..•• 3/6 
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PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles £. Curtis. 
F.S.I., Professor of Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 
RevisMl. Crown 8vo, cloth 3/6 

Prefatory Remarks. — Objects of planting. — Choice of a Forester. — 
CHOICE of Soil and Site.— laying Out of Land for Plantations.— preparation 
OF THE Ground for Planting.— Drainagb.—Planting.— Distances and distri- 
bution of Trees in Plantations.— Trees and Ground Game.— attention after 
Planting.— Thinning of plantations — pruning of Forest Trees.— Realization. 
—Methods of Sale.— Measurement of Timber.— measurement and Valuation 
OF Larch plantation.— Fire Lines.— Cost of Planting. 

" Mr. Curtis has in the course of a series of short pithy chapters afforded much infonna< 
tion of a useful and practical character on the planting and subsequent treatment of trees."— 
hlustraUd Carf enter and Builder. 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Management of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. By 
M. Powis Bale, M.Inst.C.E., M.I.Mech.E. Second Edition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

" Mr. Bale is evidently an expert on the subject, and he has collected so much Information 
that his book is all-sufficient for builders and others eng^aged in the conversion of timber."— .^^rcAASfc^. 

"The most comprehensive compendium of wo<xl-workii^jf machinery we have seen. The 
author is a thoroug^h master of his subject "—^Mitf^^ News, 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 
Timber. By M. Powis Balb, M.Inst.C.E., M.I.Mech.E. Second Edition, 
Revised. Crown 8vo, cloth 1 0/6 

" The administreOion of a lafs:e sawing^ establishment is discussed, and the subject examined 
from a financial standpoint. Hence the size, shape, order, and disposition of saw mills and the like 
are gone into in detail, and the course of the timber is traced from its reception to its delivery in its 
converted state. We could not desire a more complete or practical tnatisia."— Builder. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Building; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Thomas Tredgold, C.E. 
With an Appendix of Specimens of Various Roofs of Iron and Stone, lUus* 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
E. Wyndham Tarn, M.A., Author of "The Science of Building," &c 
With 6z Plates, Portrait of the Author, and several Woodcuts. In One large 

Vol., 4to, cloth £1 St. 

" Ought to be in every architect's and every builder's VLhrary."— Builder. 

"A work whose monumental excellence must commend it wherever sklliiil carpentry is 

concerned. The author's principles are rather confirmed than Impaired by time. The additional 

plates are of great intrinsic value."— fMiZA'Mf' News. 

THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Pbtbk 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitbl, 
F.S.A. Together with Practical Rules on Drawing, by George Pynb. 
With 74 Plates, 4to, cloth £1 1 s. 

CARPENTRY AND JOINERY— 

The Elementary Principles of Carpentry. Chiefly composed from the 

Standard Work of T. Tredgold. With Additions and a Treatise on 

Joinery by E. W. Tarn, M.A. Eighth Edition. Crown 8vo, cloth 3/6 

Atlas of 35 Plates to accompany and illustrate the foregoing book. 

With Descriptive Letterpress. Ato 6/Q 

" These two volumes form a complete treasury of carpentry and jomery and should be in 
the hands of every carpenter and joiner in the Empire."— /»wr. 
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ROOF CARPENTRY: 

Practical Lessons in the Framing of Wood Roofs. For the use of Working 
Carpenters. By Geo. Collings. Crown 8vo, cloth .... 2/0 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Fourth Edition. Crown 8vo, cloth . . 2/6 
" Cheap in price, clear in definition, and practical in the examples selected. ''^^MfA^rr. 

HANDRAILINO COMPLETE IN EIGHT LESSONS. 

On the Sqnare-Cnt System. By J. S. Goldthorp, Teacher of Geometry 

and Building Construction at the Halifax Mechanics' Institute. With Eight 

Plates and over 150 Practical Exercises. 4to, cloth .... 8/6 

" Likely to be of coiuldenible value to Joliian and othen wiio take a pride ki good iNMk. 
Tbe anangement of the book is eacaBent. we hcaitily commend It to tieachan and mdents."— 
Timbtr TnuUs yimmtU. 

PRACTICAL TREATISE ON HANDRAILINO: 

Showing New and Simple Methods. By Geo. Collings. Third Edition, 
including a Treatise on Stairbuilding. Crown 8vo, cloth . . 2/6 

"Of practical utility in the execution of this difficult branch of Joiner}*.'*— ^w/Aflrr. 

THE CABINET-MAKER'5 QUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bii-meal). Illustrated with Plans, Sections and Working 
Drawings. Crown 8vo, cloth 2/6 

THE JOINTS MADE AND USED BY BUILDERS. 

By W. J. Christy. With 160 Woodcuts. Crown 8vo, cloth . . 3/0 
" The work is deserving of high commendation."— i7M(V</«r. 

TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 

BUILDBR'S STANDARD QUIDE. 

By R. E. Grandy. Crown 8vo, cloth 2/0 

" Everything it pretends to be : built up gradually, it leads one from a forest to a treenail, and 
throws in, as a makeweight, a host of material concemmg bricks, columns, cisterns, &c."—Eng'b'sk 
Mechanic. 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 

ment of Deals and Battens, of all sizes, and other Useful Tables for the use of 

Timber Merchants and Builders. By William Dowsing. Fifth Edition, 

Revised and Corrected. Crown 8vo, doth 3/0 

'* We are glad to see a fourth edition of these admirable tables, which for comctness and 
simplicity of arrangement leave nothing to be desired."— TVmArr Trmdu ypumai 

THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the Use of Building Omtractors, Surveyors, Bntlden. &c., 

comprising useful Tables for all purposes connected with the Timber Trade, 

Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 

Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 8/6 

"This handy manual contains much valuable information for the use of timber merchants, 
builders, foresters, and all others connected with the growth, sale, and manuftctuie of timber."— 
youmai 0/ Forestry, 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing>Cases, from six 
inches square and upwards. By W. Richardson, Timber Broker. Fourth 
Ekiition. Oblong 4to, cloth 3/6 

" Invaluable labour-saving ta,\Ae&."—JronfMOHg-er. 

** Will save much labour and calculation."— (rroc^r. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated irom i to 200 inches in length, by i to 108 inches in breadth. 

For the use of Architects, Surveyors, Engineers, Timber Merchants, 

Builders, &c. By J. Hawkings. Fifth Edition. Crown 8vo, cloth . 3/6 

"These tabKs will be found of greit assistance to alt who require to make calculations 
of superficial measurement."— i;">;^>'/rj// Mechajiic. 
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DECORATIVE ARTS, ETC. 



SCHOOL OF PAINTING FOR THE IMITATION OF 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van dbr Burg and P. Van dbr Burg, 
Directors of the Rotterdam Painting Institution. Royal folio, xS^ by 13^ in., 
Illustrated with 34 full-size Coloured Plates ; also xa plain Plates, comprising 
154 Figures. Fourth Edition, cloth Ngi £1 5a. 

List op Plates. 

I. Various Tools Rbquirso for wood paintinc^s, 3. Walnut; Prbliminary 
stagbs op Graining and Finished Spbcimbn. — 4. Tools used for Marblb 
Painting and mbthod of Manipulation.— $• 6. St. Rbmi Marblb ; Earlibr 

OPBRATIONS AND FINISHED SPBCIMBN. — 7. METHODS OF SKBTCHING DIFFBRBNT 
GRAINS, KNOTS. &C.— 8, o. ASH: PRBLIMINARY STAGES AND FINISHED SPECI- 
MEN. — zo. METHODS OP SKBTCHING MARBLE GRAINS. — tl, la. BRECHE MARBLB ; 
PRBLIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.— M. MAPLE ; METHODS 
OP PRODUCING THE DIFFERENT GRAINS.— 14, 15. BIRD'S-EYB MAPLE; PRELIMINARY 
STAGES AND FINISHED SPECIMEN.— 16. METHODS OP SKETCHING THE DiPPBRBNT 
SPECIES OP WHITE MARBLE.— 17, z8. WHITE MARBLE ; PRELIMINARY STAGES OF 
PROCESS AND FINISHED SPECIMEN.- 19. MAHOGANY: SPECIMENS OP VARIOUS GRAINS 
AND METHODS OP MANIPULATION. — ao. 31. MAHOGANY ; EARLIER STAGES AND 
PINISHBD SPBCIMBN.— 3S, 93, 24 SiBNNA MARBLE: VARIETIES OF GRAIN, PRBLIMINARY 
STAGBS AND FINISHED SPBCIMBN —35, 36, 37. TUNIPBR WOOD; METHODS OF PRO- 
DUCING GRAIN, &C. ; PRBLIMINARY STAGBS AND FINISHED SPECIMEN.— «8, M, 30. VERT 

OB Mbr Marblb; Varieties op Grain and Methods of Working, unfinished 
AND Finished specimens.— 31, 33, «. Oak ; Varieties of Grain, Tools Employed 
AND Methods of Manipulation, Preliminary Stages and Finished Specimen.— 

34i 35i 3^. WAULSORT MARBLE; VARIETIES OF GRAIN, UNFINISHED AND FINISHED 
SPECIMENS. 

" Those who desire to attain skill In the art of palntlnif woods and marbles will find advantage 
in consulting this book. . . . Some of the Workmg Men's Qubc should give their young men 
the oppormnity to study it."— BuiUler. 

" A comprehensive guide to the art The .explanations of the processes, the manipuladon 
and management of the colours, and the bciautifiilly executed plates will not be the least vamable to 
the student who alms at making his work a faithful transcript of oa.tun."—Buildit$£ Nrws. 

" Students and novices are fortunate who are able to become the possessors of so noble a 
woKk."—77u ArchitecL 

HOUSE PAINTING, QRAININQ, MARBLING, AND 

5I0N WRITING: 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By E. A. Davidson. Ninth Edition. Coloured Plates. Cr. 8vo, cloth . 5/0 
♦*♦ The abovCy in cloth boards^ strongly hound^ 6/0- 

" A mass of information of use to the amateur and of value to the practical man."—Eu£'/is/t 
Mechanic, 

ELEMENTARY DECORATION: 

As Applied to Dwelling-Houses, &c. ByJ.W. Facey. Cr. 8vo, cloth 2/0 

" The principles which ought to guide the decoration of dwelling-houses are clearly set 
forth, and elucidated by examples ; while full instructions are given to XhaXcairast."— Scotsman. 

PRACTICAL HOUSE DECORATION. 

A Guide to the Art of Ornamental Painting, the arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By James W. 

Facey. Crown 8vo, cloth 2'6 

*if^ The last two works in One handsome Vol.t half-bound^ entitled "House 
Decoration, Elementary and Practical," price 6/0. 

ORNAMENTAL ALPHABETS, ANCIENT & MEDI/EVAL. 

From the Eighth Centtu^, with Numerals; including Gothic, Church-Text, 
large and small, German, Italian, Arabesque. Initials for Illumination, 
Monograms, Crosses, &c., for the use of Architectural and Engineering 
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers. &c., &c. Collected and Engraved by F. Dblamottb, 
and printed in Colotus. New and Cheaper Edition. Royal 8vo, oblong, 
ornamental boards 2/6 

** For those who Insert enamelled sentences round gilded chalices, who blaaon shop l^^rends 
over shop-doors, who letter church walls with pithy sentences from ths I>ecak>gue, this book will be 
uaelaL"—Ath€naum. 
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MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Inclnding German, Old Eng Ush, Saxon, Italic, Perspective, Greek, Hebrew, 

Court Hand Engrossing^ Tuscan. Riband, Gothic, Rustic, and Arabesque ; 

with several Original I><signs, and an Analysis of the Roman and Old English 

Alphabets, large and small^ and Numerals, for the use of Draughtsmen, 

Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 

&c. Collected and Engraved by F. Delamottb, and printed in Colours. 

New and Cheaper Edition. Roval 8vo, oblung, ornamental boards 2/6 

" There is comprised in It erery posdble shape into wliich the letteis of the alphabet and 
nomerals can be fonned, and the talent wiiich has Deen expended in the conception of the Tatioos 
plain and ornamental letteis te wonderfuL"--^fti»^r«f. 

MEDIAEVAL ALPHABETS AND INITIALS. 

By F. G. Delamottb. Containing ax Plates and Illuminated Title, printed 
in Gold and Colours. With an Introduction by J. Willis Brooks. Fifth 
Edition. Small 4to, ornamental boards Net 6/0 

"A Tohune hi which the letten of the alphabet come forth glorified hi gilding and all the 
colours of the prism intenroren and intertwined and intermingled, "--owk. 

A PRIMER OP THE ART OP ILLUMINATION. 

For the Use of Beginners j with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
rarinted in Gold and Colotirs. By F. Delamottb. New and Cheaper 
Edition. Small 4to, ornamental boards 6/0 

" The examples of ancient MSS. recommended to the student, which, with much good sense, 
the author chooses from collections accessible to all, are selected with Judgment and knowledge as 
wdl as taste."— ^M^yMTwrn. 

THE EMBROIDERER'S BOOK OP DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Borders, 
Ecclesiastical Devices, Mediseval and Modem Alphabets, and National 
Emblems. Collected by F. Delamottb, and printed in Colours. Oblong 
royal 8vo, ornamental wrapper Net 2/0 

" The book win be of great assistance to ladies and young children who are endowed with 
the art of plying the needle in this most ornamental and useful pretty wotk."—Easi Ang'Uan Times. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Stiadents. By Gborgb H. Blagrove, Author of " Shoring and its Applica- 
tion," &c. With 38 Illustrations. Crown 8vo, cloth .... 3/6 

" This most useful and much wanted handbook should be In the hands of every architect and 
builder. "—^MtitftMif JVorld. 

"A carefully and usefully written treatise ; the work Is essentially practical."— sSc«<nMai«. 

THE DECORATOR'5 A5515TANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 
Gilders, &c. Containing upwards of 6oo Receipts, Rules, and Instructions ; 
with a variety of Information for General Work connected with every Class of 
Interior and Exterior Decorations, &c. Eighth Edition. Cr. 8vo . 1 /O 

" Full of receipts of value to decorators, painters, gilders, dec. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so fiill 
of varied information on the painter's ut."—BuiidiH£ Ntws. 

GRAMMAR OF COLOURING. 

Applied to Decorative Painting and the Arts. By G. Field. New Edition, 
enlarged by E. A. Davidson. With Coloured Plates. Crown 8vo, cloth 3/0 
" The book is the most useful re'stimioi the properties of pigments."— i5««V</fr. 

ART OF LETTER PAINTING MADE EASY. 

By J. G. Badenoch. With 12 full-page Engravings of Examples. Cr. 8vo 1 /© 

"Any intelligent lad who fails to tum out decent work after studying this system has 
mistaken his vocation."— iSw^/txA Mechanic. 
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PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth 

Edition. Crown 8vo, cloth 6/0 

♦*♦ Adopted as a Prize Book at South Kensington. 

•' Much inav be learned, even by those who fancy they do not require to be taught, from the 
careful perusal of this unpretending but comprehensive treatise."— yfr/ yournal. 

GLASS STAINING, AND PAINTING ON GLASS. 

From the German of Dr. Gessert and Emanuel Otto Fromberg. With 
an Appendix on The Art of Enamelling. Crown 8vo, cloth . . 2/6 

WOOD-CARVING FOR AMATEURS. 

With Hints on Design. By A Ladt. With xo Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

*' The handicraft of the wood-carver, so well as a book can impart It, may be learnt from ' A 
Lady's ' publicatioii."-«^M«»MrMm. 



NATURAL SCIENCE, ETC. 
THE VISIBLE UNIVERSE. 

Chapters on the Origin and Constmction of the Heavens. By J. E. Gorb, 
F.R. A.S., Author of ^' Star Gronps," &c. Illustrated by 6 Stellar Photographs 
and xa Plates. Demy 8vo, cloth 1 6/0 

STAR GROUPS. 

A Student's Guide to the Constellations. By J. Ellard Gorb, F.R.A.S., 
M.R.I.A.. &c., Author of "The Visible Universe," "The Scenery of the 
Heavens,'' &c. With 30 Maps. Small 4to, cloth 6/0 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gore, 
F.R.A.S., Author of " The Visible Universe," &c. Small crown 8vo, cloth. 

2/6 
ASTRONOMY. 

By the late Rev. R. Main, M.A., F.RS. Third Edition, revised by 
WILLIAM Thynne Lynn, B. A., F.R. A. S. Crown 8vo, cloth . . 2/0 
"A sound and simple treatise, very carefully edited, and a capital book for beginners."— 
Knorwledst. 

THE MICROSCOPE. 

Its Construction and Management. Including Technique, Photo-micrography, 
and the Past and Future of the Microscope. By Dr. Henri van Hburcic. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wynne E. Baxter, F.G.S. Imp. 8vo, cloth .... 18/0 

MANUAL OF THE MOLLUSCA : 

A Treatise on Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates 

and 300 Woodcuts. Crown 8vo, cloth 7/6 

" A storehouse of conchological and geological \\\lorsxxsi\\QXi."—HarTvickes Science Gossip. 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 
By G. W. V. lb Vaux. 8vo, cloth 5/0 

LARDNER'S HANDBOOKS OP SCIENCE. 
HANDBOOK OF MECHANICS. 

Enlarged and re-written by B. Loewy, F.R.A.S. Post 8vo, cloth . 6/0 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

Revised and Enlarged by B. Lobwt, F.R.A.S. Post 8vo, cloth . 5/0 

HANDBOOK OF HEAT. 

Edited and re-written by B. Loewy, F.R.A.S. Post 8vo, cloth . 6/0 
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LARDNER'S HANDBOOKS OP SCIB^CB— continued. 
HANDBOOK OP OPTICS. 

New Edition. Edited by T. Olvbk Hakding. B.A. Small 8vo, cloth 6/0 

BLECTRICITY, MAGNETISM, AND ACOUSTICS. 

Edited by 6bo. C. Fostbs, B.A. Small 8vo, cloth .... 6/0 

HANDBOOK OP ASTRONOMY. 

Revised and Edited by Edwin DuNKiN, F.R. A. S. 8 vo, cloth . . 9/6 

MUSEUM OP SCIENCE AND ART. 

With upwards of x,aoo Engravings. In Six Doable Volumes, £1 1 a. Cloth, 
or half-morocco £1 11a. 6d. 

NATURAL PHILOSOPHY POR SCHOOLS . . 3/6 
ANIMAL PHYSIOLOGY POR SCHOOLS . 3/6 

THE ELECTRIC TELEGRAPH. 

Revised by E. B. Bsight, F.R.A.S. Fcap. 8vo, cloth 2/6 



CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 



THE OIL FIELDS OP RUSSIA AND THE RUSSIAN 

PETROLEUM INDUSTRY. 

A Practical Handbook on the Exploration, Exploitation, and Management 
of Russian Oil Properties, including Notes on the Origin of Petroleum in 
Russia, a Description of the Theor]^ and Practice of Liquid Fuel, and a 
Translation of the Rules and Regulations concerning Russian Oil Properties. 
By A. Beeby Thompson, A.M.LM.E., late Chief Engineer and Manager of the 
European Petroleum Company's Russian Oil Properties. About 500 pp., with 
numerous Illustrations and Photographic Plates, and a Map of the Balakhany- 
Saboontchy-Romany Oil Field. Super-royal 8vo, cloth . Net £3 3t. 

" A careful and comprehensive study of the conditions of the industry. The work is very 
valuable, and should undoubtedly be ihc standard authority on Baku for some time to come."— 
Mining yottmal. 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

By A. C. Wright, M.A.Oxon., B.ScLond., formerly Assistant Lecturer in 
Chemistry at the Yorkshire College, Leeds, and Lecturer in Chemistry at the 
Hull Technical School. Demy 8vo, cloth Net 9/0 

A HANDYBOOK POR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 
Condtisions of Modern Research which bear upon the Practice of Brewing. 
By Hbrbbrt Edwards Wright, M.A. Second Edition, Enlarged. Crown 
8vo, 530 pp., cloth 1 2/6 

** May be consulted with adTantage by the student who is piepaxing himself for examinational 
tests, while the scientific brewer will find in it a rdsumd of all the most important discoveries of 
modem times. The work is written throughout in a clear and concise manner, and the author 
takes great care to discriminate between vague theories and wdl-esublished facts."— ^rrawrx' 
yvumaL 

* ' We have great pleasure in recommending this handy book, and have no hedtatloo in saying 
that It is one of the best— if not the best— which has yet been written on the subject of beer-brewing 
in this country ; it should have a place on the shelves of every brewer's Ubrary."— i7rrw«rx 
CiMtwAicrM. 

A POCKET-BOOK OP MENSURATION AND AAUOINO. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants. &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. x8mo, leather 4/0 

" Should be in the bands of every practical brewer."— Amwrr' y«itmai. 
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THE QA5 BNQINBBR'S POCKBT-BOOK< 

Cominising Tables, Notes and Memoranda relatins to the Manufiuttire, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O^ONNOR, A.M.Inst.C.E. Second Edition, Revised. 470 pp., crown 8vo, 
fully Illustrated, leather 10/6 



II < 



' The book contains  vast amoant of infonnadon. The author ffoes contecutlTely through 
the engineering details and practical methods involved in each of the different processes or 



toe engineenng details and practical methods involved In each of the different processes or parts 
of a gas-works. He has certainly succeeded in making a compilatloa of hard matters wfae% 
alisolutely interestinflr to read."— (km fVbrld. 

'* The volume contains a great quantity of specialised information, compiled, we bdieve, from 
trustworthy sources, which should make it of considerable value to those for whom It is specifically 
produced. —Bntrinttr. 

LIQHTINQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.E. 
With 66 Illustrations. Crown 8vo, cloth 7/6 

ENQINEERINQ CHEMI5TRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters. Iron Founders, Students and others. Comprising Methods of Analyvu 
and Valuation of the Principal Materials used in Ensmeering Work, with 
numerous Analyses, Examples and Siu^estions. By H. Joshua Phillips, 
F.I.C^^ F.C.S. Third Edition, Revisedand Enlarged. Crown Bvo, 400 pp., 
with Plates and other Illustrations, cloth. .... Ifet 1 0/(B 

" In this work the author has rendered no small service to a numerous body of practical 
men. . . . The analytical methods may be pronounced most satlsfitctory, befaig as accurate as the 
despatch required of engineering chemists permits." — Cketmical News. 

"The analytical methods given are, as a whole, such as are likely to give rapid and trust- 
worthy results in experienced hands. . . . There is much excellent descriptive matter in the work 
the chapter on * Oils and Lubrication ' being specially noticeable in this respect."— iffffitaMr. 

NITR0-EXPL05IVE5. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 

of Nitrated Substances, including the Fulminates, Smokeless Powders, and 

Celluloid. By P. Gbrald Sanford^ F. I. C, Consulting Chemist to the Cotton 

Powder Company, Limited, &c With Illustrations. Crown 8vo, cloth. 9/0 

" One of the very few text-books in which can be found just what is wanted. Mr. Sanford 

goes steadily throuij^h the whole list of explosives commonly used, he names any given explorive, 

and tells us of what it is composed and how it is manufactured. The book is excellent."— f^v^MMr. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite. Gun-Cott(Mi, 

Nitro-Glycerine and other Explosive Compounds, including Collodion>Cott<»i. 

With Chapters on Explosives m Practical Application. By M. Eisslbk, M.E. 

Second Edition, Enlarged. Crown 8vo cloth 1 2/6 

" A veritable mine of information on the subject of ezplodves employed for military, mining, 
and blasting pax^oaita."— Army €md Navy Gaxette. 

DANGEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport With Notes 
and Comments on Accidents arising therefrom. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, &c. By H. Joshua 
Phillips, F.I.C. F.C.S. Crown 8vo, 374 pp., cloth .... Q/0 
" Merits a wide cfaculatkm, and an IntelKgent, appreciative study."— CA «i w fca/ News. 

A MANUAL OP THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With 33a Illustrations 
and Working Drawings. Second Edition, wiih Additions. Super-royal Bvo, 
cloth £1 lOt. 

" We find not merely a sound and luminous explanation of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearing on the successful 
conduct of alkali works, but which are genwally overlooked by even experienced technological 
authors."— CAtfm^te/ RevUw. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, Etc. 

Containing all knoMm Methods of Anhydrous Analysis, many Working 

Examples, and Instructions for Making Apparatus. By Lieuti-Colonel W. A. 

Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . 6/0 

" The student who goes conscientiously through the course of experimentation here laid down 
will gain a better insight mto inorganic chendstry and mineralogy than if he had * got up ' any of the 
best text-books of the day, and passed any number of examinations in their contents. —CA^m^ra/ 
Newt. 
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THE MANUAL OP COLOURS AND DYB-WARB5. 

Their Properties. Applications, Valuations, Impurities and Sophistications. 

For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slatbk. 

Second E^tion, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

" There Is no other work which coven precisely the same ground. To students pnputag 
for examinations in dyeing and prindnc it will prore exceedingly utefttL"— CAmmcm/ Ntws. 

THE ARTI5T5' MANUAL OP PIGMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 
Adulterations, &c, with Tests of Parity. By H. C. Standacb. Third 

Edition. Crown 8vo, cloth 2/6 

" This woric is indeed multunt-iH-parvo, and we can, with good conscience, rocoaunend It to 
all who come in contact with pigments, whether as makers, dealers, or usets. "—Ch tmin I Revitw. 



INDUSTRIAL ARTS, TRADES, AND 

MANUFACTURES. 



THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W. H. Johnson, F.L.S., F R.H.S., Director of Agriculture, Gold Coast 
Colony, West Africa, Commissioned by Government in 1902 to visit Ceylon to 
Study the Methods employed there in the Cultivation and Preparation of 
Para Rubber and other Agricultural Staples iac Market, with a view to Intro- 
duce them into West Africa. Demy 8vo, cloth .... Net 7/6 
SUMMARY OF Contents: — INTRODUCTORY. —IHH Para rubber Tree {Hevea 

btasiiiensis) AT HOME AND ABROAD.— CULTIVATION OF THE TREE :— PROPAGATION.— 

Site for Plantation.— Distance apart to Plant the Trees.— Transplanting.— 
cultivation.— insect pests and fungoid diseases.— collecting the rubber: 
— various methods employed in tapping rubber trees. — flow of latex 
increased by wounding the tree.— how to tap.— the preparation of rubber 

KR'iM THE LATEX:— LATEX— Various METHODS EMPLOYED IN THB PREPARATION OF 

rubbhr._sugghsted method for preparing rubber.— scrap rubber.— yield of 
Para Ruhbbk from Cultivated Trees :— Ceylon.— Malay Peninsula —Gold Coast. 
West Africa.— Establishment and Maintenance of a Para Rubber Plantation :— 
Ceylon.— Malay peninsula.— Commercial Value of the Oil in Hevba Seeds. 

" The Author docs not claim that the book is more than a collection of information gathered 
from various sources ; as such it is excellent, and mil undoubtedly serve a very useful purpose." — 
India Rubber yournal, 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloanb, A.M., 
Ph.D With numerous Illustrations. Square 8vo, cloth. . Q/0 

PRACTICAL PAPER-MAKINQ. 

A Manual for Paper-Makers and Owners and Managers of Paper-MiUs. With 
Tables, Calculations, &c. By G. Clappbrton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . 6/0 

" The author caters for the requirements of responsible mill hands, apprentices, &c.. whilst 
his manual will be found of ereat service to students of technology, ai well as to veteran papea- 
makers and mill owners. The illustrations form an excellent feature."— rA< W»rld't Paptr Trade 
Revieiu. 

THE ART OF PAPER-MAKINQ. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 

Straw, and other Fibrous Materials. Including the Manufactiure of Pulp from 

Wood Fibre, with a Description of the Machinery and Appliances used. To 

which are added Details of Processes for Recovering Soda from Waste Liquors. 

By Alexander Watt. With Illustrations. Crown 8vo, cloth . . 7/6 

** It may be regarded as the standard work on the subject. The book is full of valuable 
information, The 'Art of Paper-Making' Is in every respect a model of a text-book, either for a 
technical class, or for the private student. —/>a^r and PrintOtg Trades yournal, 

A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinc^ of Paper. By Richakd 
Parkinson, late of the Manchester Technical School. Demy 8vo, cloth 8/6 
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THB ART OP 50AP-MAKINQ. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alexander Watt. Sixth Edition, 
including an Appendix on Modern Candlemaking. Crown 8vo, cloth 7/6 

" A thoroughly practical treatise. We congratulate the author on the success of his endeavour 
to fiU a void in Ensrnsh technical literature." — Nature. 

"The work will prove Tery useful, not merely to the technological student, but to the 
practical soap boiler who wishes to understand the theory of his art."— CHetnital News. 

PRACTICAL TANNING. 

A Handbook of Modern Processes, Receipts, and Suggestions for the Treatment 
of' Hides, Skins, and Pelts of evefy Description. By L. A. Flemming, 
American Tanner. 472 pages. 8vo, cloth ..... Net 26/0 

THR ART OF LEATHER MANUFACTURE. 

A Practical Handbook, in which the Operations of Tanning, Currying, and 

Leather Dressing are fully Described, and the Principles of Tannin? Explained. 

Together with a Description of the Arts of Glue Boiline, Gut Dressing, &c. 

By Alexander Watt. Fifth Edition, thoroughly Revised and Enlarged, 

8vo, cloth Nearly ready. Pnce about "| 0/6 wg^ 

" A sound, comprehensive treatise on tanning and its accessories. The book is an eminently 
valuable production, which redounds to the credit of- both author and publishers."— CAemt^a/ 
Review. 

ART OF BOOT AND SHOEMAKINQ, 

Including Measurement, Last-fitting, Cutting-out, Closing and Making 
with a Description of the most Approved Machinery employed. By J. B. 

Lend. Crown 8vo, cloth 2/0 

" By far the best wofk ever written on the subject." — Scottish Leather Trader. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding-, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . 7/6 

" A distinct advance in the literature of cotton manufacture."— ^orAtn^ry. 

" It is thoroughly reliable, fulfilHncr nearly all the requirements AvAxe^." —Glasgow Herald. 

WATCH REPAIRING, CLEANING, AND ADJUSTING. 

A Practical Handbook dealing with the Materials and Tools Used, and the 
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English 
and Foreign Watches, Repeaters, Chronographs and Marine Chronometers. 
By F. J. Garrard, Springer and Adjuster of Marine Chronometers and Deck 
Watches for the Admiralty. With over 200 Illustrations. Crown 8vo, cloth. 

Net 4/6 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunier, ex-Director of the School 
of Horology at Macon, by Julien Tripplin, F.R.A.S., Besancon Watch 
Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 
Edition. Super-royal 8vo, £2 Ss. cloth ; half-calf . . £2 1 0s. 

" There is no horological work in the English langfuage at all to be compared to this produc- 
tion of M. Saunier's for clearness and completeness. It is alike good as a guiae for the student and 
as a reference for the experienced horologist and skilled workman." — Horological youtnal. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over their English brethren 
— ta fact, the Book of Books is M. Saunier's ' Treati««. ' "— Watchmaker, jeweller, and Sitver smith . 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 

the Allied Mechanical Arts. Translated from the French of Claudius 

Saunier, and enlarged by Jumbn Tripplin, F.R.A.S., and Edward Rigg, 

M.A., Assayer in the Royal Mint. Fourth Edition. Cr. 8vo, cloth 9/0 

" Each part is trulv a treatise in Itself. The arrangement is good and the language Is clear 
and concise. It is an admirable guide for the young watchmaker." — Bnginetring. 
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CL0CK5, WATCHES, & BELLS for PUBLIC PURPOSES. 

A Rudimentary Treatise. By Edmund Beckett, Lord Grimthorpe, 
LL.D., K.C., F.R.A.S. Eighth Edition, with new List of Great Bells and 
an Appendix on Weathercocks. Crown 8vo, cloth .... 4/6 
*^* The above, handsomely bound. Cloth Boards, 5/6* 

"The best work on the subject probably extant. The treatise on bells is undoubtedly the 
best in the lanfua^e."— is»^'M««»iH^. 

" The omy modem treatise on clock-making."— /f^ro/o^a/ youmaL 

HISTORY OP WATCHES & OTHER TIMEKEEPERS. 

By Jambs F. Kendal, M.B.H. Inst. 1/6 boards; at cloth, gilt . 276 

** The best which has yet appeared on this subject in the English language."— /M^MrJMtf. 
"Open the book where you may, there is interestin^r matter in it conceniing the Ingenlcus 
devices of the ancient or modem \iatmogpi."—Sdiunlay Rtview. 

ELECTRO^PLATiNa&ELECTRO'REFININQ OP METALS. 

Being a new edition of Alexander Watt's "Electro-Deposition." Re- 
vised and Largely Rewritten by Arnold Philip, B.Sc, A.LE.E., Principal 
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth Net 1 2/6 

** Altogether the work can be highly recommended to every electro- plater, and Is of un- 
doubted interest to every electro>metallurgist."— f/ec^ruro/ Review. 

"Eminently a book for the practical woricer in electroKleporition. It contains pcactlcal 
daKtiptioni of methods, processes and materials, as actually pursued and used in the wo«kshop."— 
Bngineerm 

ELECTROPLATING. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Alnminium, Brass, Platinum, &&, ftc. By J. W. Urquhart C.B. Fifth 
Edition, Revised. Crown 8vo, doth 6/0 

" An escelleat practical vaxaiaiL"—Bngi»tMriHf. 

'* An excellent work, giving the newest infoimaticm."— /f^rvAyiot' y^uimal. 

ELECTRO-METALLURGY, 

Practically Treated. By Alexander Watt. Tenth Edition, enlarged and 
revised. With Additional Illustrations, and including the most Recent 

Processes. Crown 8vo, cloth 3/6 

" From this book both amateur and artisan may learn everything necessary."— /r^n. 

GOLDSMITH'S HANDBOOK, 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting, and Refining. The processes of Manipulation, 
Recovery of Waste, Chemical and Physical Properties of Gold; Solders, 
Enamels, and other useful Rules and Recipes, &c. By George E. Gee, 

Sixth Edition. Crown 8vo, cloth 3/0 

" A good, sound, technical educa.tot"—Horological yournal. 

SILVERSMITH'S HANDBOOK, 

On the same plan as the above. By George E. Gee. Third Edition. 

Crown 8vo, cloth 3/0 

** A valuable sequel to the author's ' Practical Go\&wot\i^xJ'"—Silversmilns' Trade youmai. 
*+* The two preceding Works, in One handsome Volume, half -bound, entitled 
"The Goldsmith's and Silversmith's Complete Handbook," 7/0' 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By George £. Gbb. Crown 8vn. 7/6 
" Thb manual of technical education Is apparently destined to be a valuable auxiliary to a 
handicraft which is certainly capable of srroat impmirement *'—Tfu Times. 

HALL-MARKING OF JEWELLERY. 

Comprising an account of all the diflferent Assay Towns of the United 
Kingdom, with the Stamps at present employed ; also the Laws relating to 
the Standards and Hall-marks at the various Assay Offices. By George E. 
Gee. Crown 8vo, cloth 3/O 

ELECTROTYPING. 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
bv the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 
cloth 5/0 

" The book Is thoroughly practical; the reader is, therefore, conducted through the leading 
laws ofetoctridty. then throuf^ the metals used by electrcM^pers, the appantus, and the d^MMtttag 



processes, np to the final preparation of the work.^— ^rT younutL 
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MECHANICAL DENTISTRY: 

A Practical Treatise on the Construction of the Various Kinds of Artificial 
Dentures, comprising also Useful Formulas, Tables and Receipts. By 
C. Hunter. Crown 8vo, cloth 3/CS 

BRASS FOUNDER'S MANUAL: 

Instructions for Modelling, Pattern Making, Moulding, Turning, &c. By 
W. Graham. Crown 8vo, cloth 2/0 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Rbubbn Hbnrt Warn, Practical Tin-Plate Worker. 
New Edition, Revised and greatly Enlarged by Joseph G. Hornbk. 
A.M.I.M.E. Crown 8vo, 254 pp., with 430 Illustrations, cloth . 7/6 

SHEET METAL-WORKER'S GUIDE. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers,&c.,with 
46 Diagrams and Working Patterns. By W. J. £. Crane. Fourth Edition. 
Crown 8vo, Cloth . . . ' 1/6 

" The author has acquitted himself with considerable tact in choosing his examples, and 
with no less ability in treating r^enx."— Plumber. 

QAS FITTINQ: 

A Practical Handbook. By John Black. Revised Edition. With iqo 

Illustrations. Crown 8vo, cloth 2/6 

"It is written in a simple, practical style, and we heartily recommend \\."— Plumber and 
Decorator. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances recraired in the 
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 
A. J. Wallis-Tavlbr, A.M.Inst.C.E. Medimn 8vo, 468 pp. With 9x8 

Illustrations Ntt 26/0 

Summary op Contents. 
Mechanical Cultivation or Tillage of thb soil.— Plucking or Gathering 
THE Leaf.— Tea Factories.— The Dressing, Manufacture, or IHibparation 
OF Tea by Mechanical Means. — Artificial WrrHBRiNG of the Leaf.— 
Machines for Rolling or Curling the Leaf.— Fermenting Process.— 
Machines for the Automatic Drying or Firing of the Leaf.— Machines for 
non-automatic drying or firing of the leaf.— drying or firing machines. 
—Breaking or cutting, and sorting Machines.— Packing the Tea.— means 
OF transport on Tea Plantations.— Miscellaneous Machinery and Apparatus. 
—Final Treatment of the Tea.— Tables and Memoranda. 

" The subject of tea machinery Is now one of the first interest to a larg^e class of people, of 
whom we strongly commend the volume."— CAam^r o/Conttnerce journal. 

*' Contains a very full account of the machinery necessary for the proper outfit of a factory, and 
also a description of the processes best carried out by this machinery."— journal SccUty of Arts. 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Fribdrich Kick, Imperial 

Regierun^srath, Professor of Mechanical Technology in the Imperial German 

Po^echnic Institute, Prague. Translated from the Second Enlarged and 

Revised Edition. By H. H. P. Powlbs, A.M.Inst.C.E. 400 pp., with 

28 Folding Plates, and 167 Woodcuts. Royal 8vo, cloth £1 fis. 

" This Invaluable work is, and will remain, the standard authority on the science of milling. . . . 

The miller who has read and digested this work will have laid the foundation, so to speak, of a 

saccessful career; he will have acquired a number of general principles which he can proceed to 

apply. In this handsome volume we at last have the accepted text-book of modem milling in good, 

sound EwrUsh. which has little. If any. trace of the German idiom."— TAe Miller. 

** The appearance of this celebrated work In English Is very opportune, and British millers 
will, we are sure, not be slow in availing themselves of its pages."— Aft /&rx' GoMtttt. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Wonc. With xao 

Original Designs. By Robert Wells. Crown 8vo, cloth . 5/Q 

"A valuable work, practical, and should be in the hands of every baker and confectkmer. 

TIm IPustntive designs are worth treble the amount charged for the work."— Abtcrx* Timts. 

BREAD & BISCUIT BAKER'5 & 5UQAR-B0ILER'5 

A55I5TANT. 

Including a large variety of Modem Recipes. With Remarks on the Art of 

Bread-making. By Robbkt Wblls. Fourth Edition. Crown 8vo, cloth 1 /Q 

" A laige ntunber of wrinUei for the ordinary cook, as well as the yMkm" Saturday Review. 
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PASTRYCOOK ft CONFECTIONER'S GUIDE. 

For Hotels, Restanrants, and the Trade in general, adapted also for Family 
Use. By R. Wblls, Author of " The Bread and Biscuit Baker " . .1/0 



" We cannot speak too hiifhly of this really excellent work. In these days of keen com pe lhl oa 
our leaders cannot do better than purchase this book."— ^olcr'x 7¥m<x. 

MODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes, Biscaits, &c. With 

remarks on the Ingredients Used in tneir Manufacture. By R. Wblls 1 /O 

" The work b of a decidedly practical character, and In erery recipe recard is had to economical 
workioff. "—AT^rM BrMsk Daily Mail. 

SAVOURIES AND SWEETS 

Suitable for Luncheons and Dinners. By Miss M. L. Allen (Mrs. A. 
Macairb), Author of " Breakfast Dishes," &c. Thirtieth Edition. F'c^ 
8vo, sewed 1/0 

BREAKFAST DISHES 

For Every Morning of Three Months. By Miss Allen (Mrs. A. Macairb), 
Author of " Savouries and Sweets," &c. Twenty-second Edition. F'cap 8vo, 
sewed I/O 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 

By A. J. Wallis-T A YLBR, A.M.Inst. C.E. Crown 8vo, cloth . . 4/6 

" A work that an engineer, thinking of turning bis attention to motor-carriage work, would 
do well to read as a preliminary to starting operations." — Engineering. 

FRENCH POLISHING AND ENAMELLING. 

A Practical Book of Instruction, including numerous Recipes for making 
Polishes, Varnishes, Glaze Lacquers, Revivers, &c. By R. Bitmead. 
Crown 8vo, cloth 1/6 

CEMENTS, PASTES, GLUES, AND GUMS. 

A Guide to the Manufacture and Application of Agglutinants for Workshop, 
Laboratory, or Office Use. With 900 Recipes and Formulae. By H. C. 
Standage. Crown 8vo, cloth 2/0 

*' As a revelation of what are considered trade secrets, this book will arouse an amount of 
curiosity among the large number of industries it touches."— Z)at7y Chronicle. 

PRACTICAL ORGAN BUILDING. 

By W. E. Dickson, M.A., Precentor of Ely Cathedral. Second Edition, 

Revised. Crown 8vo, cloth 2/6 

" The amateur builder will find in this book all that is necessary to enable him personally to 
construct a perfect organ with his own hands." — Academy. 

COACH-BUILDING: 

A Practical Treatise, Historical and Descriptive. By J. W. Burgess. 
Crown 8vo, cloth 2/6 

"This handbook will supply a long-felt want, not only to manufacturers themselves, but 
more particularly apprentices, and others connected wth the trade of coach-building."— £«n>/^a« 
MaiL 

SEWING MACHINERY. 

Construction, History, Adjusting, &c. By J. W. Urquhart. Cr. 8vo 2/0 

WOOD ENGRAVING: 

A Practical and Easy Introduction to the Study of the Art. By W. N. 
Brown. Crown 8vo, cloth 1/6 

LAUNDRY MANAGEMENT. 

A Handbook for Use in Private and Public Laundries. Cr. 8vo, cloth 2/0 

" This book should certainly occupy an honoured place on the shelves of all housekeepers 
who wish to keep themselves au courant of the newest appliances and methods."— 77e« Queen. 

CONSTRUCTION OF DOOR LOCKS. 

From the Papers of A. C. Hobbs. Edited by Charles Tomlinson, F.R.S. 
With a;Note;upon Iron Safes by Robert, Mallet. Cr. 8vo, cloth 2/6 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 

Author ot " Lathe Work," &c. Crown 8vo, 144 pp., price is. each. 

Th4s$ Handtbooks have betn written to supply in/ofmation /otW orkmei^, 
Studbnts, and Amatburs in the several Handicrafts, on the actual Practicb 0/ 
the Workshop, and are intended to convey in plain language Technical Know 
lbdgb 0/ the several Crafts. Jn describing the processes empioved, and the manipu- 
taHon of material, workshop terms are used ; workshop practice is fully explained ; 
and the text is freely illustrated with drawings of modern tools, appliances, and 
processes. 



METAL TURNER'5 HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With zoo Illustrations. 

1/0 

" The book will be of service alike to the amateur and the artisan tnnier. It display t 
thorough knowledge of the subject."— sScp£rma«. 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over 100 Illustrations. 

1/0 

" We recommend the book to young turners and amateurs. A multitude of workmen have 
hitherto sought in vain for a manual of this special industry."— i/ccAan^ca/ JVorld. 

WATCH JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

zoo Illustrations 1/0 

" We strongly advise all young persons connected with the watch trade to acquire and study 
this inexpensive moxk."—CUrMeHW€U Chronicle. 

PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of 100 Illustrations 1/0 

" A most valuable, if not indispensable manual for the pattern vaakei."— Knowledge. 

MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manioulation, embracing Information 
on various Handicraft^ Processes. With Useful Notes and Miscellaneous 

Memoranda. Comprising about 900 Subjects I/O 

" A very clever and useful book, which should oe found in every workshop ; and it should 
certainly find a place in all technical schools."— 5a/Mr«to> Retdew. 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of zoo Illustrations • . . .1/0 

" Mr. Hasluck has produced a very good little hoolk," —BuileUr. 

CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repaitiug, and Adjusting. With upwards of 

zoo Illustrations 1/0 

^ It is of inestimable service to those commencing the trade."— C^votAgf Standard. 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, ApplianoBS, and Processes 
employed in Cabinet Work. With upwards of zoo lUustrations '1/0 

" Mr. Hasluck s thorough-gt^ng little Handybook Is amongit the most practical guides we 
have seen for beginners in cabmet-work."— sSa/MnAiy Review. 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliances and Proce&&es 
Employed in Woodworking. With 104 Illustrations . . • • 1 /O 
Written by a man who knows, not only how work ought to be done, but how to do it, and 
ikow to convey his knowledge to others."— £«v^Meer«M|£-. 

" Mr. Hasluck writes admirably, and gives complete InstructloDS.'*— £fvito««r. 
" Mr. Hasluck combines the experience of a practical teacher with tlie manipulative skill i-nd 
scientific knowledge of processes of the trained mechanician, and the ""»""»'■ are marvels of what 
can be produced at a popular price."— ^S£A«0/mAr«)er. 

" Hdpful to workmen of^all ages and de g ree s of experience."— As</y CM r e miete , 
"Concise, clear, and practical"— 3«<Mn2ey Review. 

L. D 
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COMMERCE, COUNTING-HOUSE WORK, 

TABLES, ETC. 



LE550N5 IN COMMERCE; 

By Professor R. Gambaro, of the Royal High Commercial School at Genoa* 
Edited and Revised by Jambs Gault, Professor of Comment and Commercial 
Law in King's College, London. Fifth Edition. Crown 8vo, cloth . 8/6 

" The publishers of this work have randeied consideimble senrlca to the cause ol comineiciBl 
education by the opportune production of this volume. . . . The woric Is peculiarly acceptable to 
Eng;lish readers and an admirable addition to erisHng class books. la a phrase, we think the work 
attains Its object in fumishins a brief account of those laws and customs of Brttlsh trade with wlilch 
the commercial man Interested therein should be fiuniUar. "—CA«mA«r or Commeret y ntmmL 

" An invaluable guide In the hands of those who are preparing for a commeroal career, and, 
in fact, the InformatioB it contains oo nutters of business should be impressed on every one." — 
Countiug^ House. 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corresfwndence in Five Languages — English, 
French, German, Italian, and Spanish. By Conrad E. Bakbk. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth . . 4/6 

"Whoever wishes to corre spon d In all the languages mentloiied by Mr. Baker cannot do 
better than study this work, the materials of which are excellent and conveniently arranged. They 
consist not of entire specimen letters, but— what are fax more useful— short passages, aenteoces, ot 
phrases expressing the same general idea hi various iK>aa&.*'—Atk€tunttn. 

" A careful examination has convinced us that it Is unusually complete, well arranged and 
reliable. The book Is a thoroughly good one. "—Schoolmasttr. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accotmtants and Mannfiscturers, with A(q;>endices on the 
Nomenclature of Machine Details; the Income Tax Acts; the Rating of 
Factories ; Fire and Boiler Insturance ; the Factory and Woncshop Acts, &c, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fblls. Fifth edition. Revised and Enlarged. 
Demy 8vo, cloth 7/6 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
oi assimilating the Factory Accounts to the general commercial books Is one wbkh we thoroughly 
agree with."— ^ccvmmAiM^' ^oitmal. 

" Characterised by extreme thoroughness. There are few owners of factoites who would not 
derive great benefit from the perusal of this most admirable work."— £«»/ G wv t r Hmu nt Ckrvmick. 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. By Lewis d'A. 
Jackson, A. M. Inst. C. £., Author of " Aid to Survey Practice," &c Large 
crown 8vo, cloth 1 2/6 

"We recommend the work to all interested In the practical lefoim of out weights and 

tuwuiures. "•—Naturt. 

A 5ER1E5 OP METRIC TABLE5. 

In which the British Standard Measures and Weights are compared with those 

of the Metric System at present in Use on the Continent. ByC. H. Dowung, 

C.E. 8vo, cloth 10/6 

" Mr. Dowhng's Tables are well put together as a ready reckoner for the conversion of one 
system bito the oX!biex."'-KAtH€Haum. 

IRON AND METAL TRADE5' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from xs. per cwt. to xz2S. per cwt., and from one farthing par potmd to 
one shilling per pound. By Thomas Downib. Strongly bound in leather, 

396 PP 9/0 

** A most useful set of tables, nothing like them before existed. "--BuikUng Ntws. 
*' Although specially adapted to the iron and metal trades, the tables wU be fotmd useful In 
every other business in which merchandise is bought and sold by weigfat"— JEatfaiMt)^ Nems* 



COMMERCE, COUNTING-HOUSE WORK. TABLES, ^, 51 
NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing npwards of 350,000 Separate Calculations, showing at a Glance the 
Value at 422 i>ifferent Rates, ranging from ri^th of a Penn^ to aoc. each, or per 
cwt., and ;£3o per ton, of any number of articles consecutively, from x to 470. 
Any number of cwts., ors., and lbs., from x cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and lbs., from x to x,ooo tons. By William Chadwick, 
Public Accountant. Fourth Edition, Revised and Improved. 8vo, strongly 

bound . . 4 18/0 

" It Is as easy of reference for any answer ot any number of answers as a dictionary. For 
tnaking up accounts or estimates the book must prove mraluable to all -who have any considerable 
quantii^ of calculations involving price and measure in any combination to do."— En^ituer. 
" The most perfBCt work of the kind yet prepared."— ^^ajr^^w Herald. 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact Value of any Weight from x lb. to X5 tons, at 300 
Progressive Rates, from id. to i68s. per cwt., and containing x86.ooo Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will aJSbrd an aggregate of 10,266,000 
.Answers; the wnole being calculated and designed to ensure correctness and 
promote despatch. By Henry Harben, Accountant. Sixth Edition, carefully 
Corrected. Royal Bvo, strongly half-bound £1 6f , 

^* A practical and useful work of reference for men of business generally." — Irontnong-«r, 
*" Of^ priceless value to business men. It is a necessary book in all mercantile offices."— 
Sk^ffMd Ind^endent, 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 




to produce, by one operation, a sum that will realise any required Profit after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from x| to 90 per cent.. Tables of Discount from x^ to 98} per cent., 
and Tables of Commission, &c., from | to xo per cent. By Henry Harben, 
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 5i. 
" A book such as this can only be appreciated by business men, to whom the saving of time 

means saving of money. The work must prove of great value to merchants, manufacturers, and 

general ta^diexs." —British TratU yitumal. 

TABLES OP WAGE5. 

^t 54, 52, 50 and ^8 Hours per Week. Showing the Amounts of Wages from 
One quarter of an hour to Sixty^four hours, in each case at Rates of Wages 
advancing by One Shilling from 4s. to 555. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, half-bound 6/0 

IRON-PLATE WEIGHT TABLE5. 

For Iron Shipbuilders, Engineers, and Iron Merchants Containing the 
Calctdated Weights of upwards of X5o,ooo different sizes of Iron Plates from 
x foot by 6 in. by i in. to xo feet by 5 feet by x in. Worked out on the Basis of 
40 lbs. to the square foot of Iron of x inch in thickness. By H. Burlinsom 
and W. H. Simpson. 4to, half 'bound £1 6t« 



ORIENTAL MANUALS AND TEXT-B00K5. 

NOTICE:— Messrs. Crosby Lockwood & Son will lorward 
on application a New and Revised List of Text-books and 
Manuals for Students in Oriental Languages, many of which 
are used as Text-books for the Examinations for the Indian 
Civil Service and the Indian Staff Corps ; also as Class Books 
in Colleges and Schools in India. 
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AGRICULTURE, FARMING, 
GARDENING, ETC. 



THE COMPLETE QRAZIER AND FARMER'S AND 

CATTLE BRBBDBR'S ASSISTANT. 

A Compendium of Husbandry. Origmally Written by William Yodatt. 

Fourteenth Edition, entirely Ke>written, considerably Enlarged, and brought 

w^ to Present Requirements, by William Frbam, LL.D., Assistant Com> 

missioner, Royal Commission on Agriculture. Author of " The Elements of 

Agriculture," &c. Royal 8vo, x,xoo pp., 450 Illustrations, handsomely bound. 

£1 lis. 60. 

Sock I. On thb Varibtibs. Brbbdinc, Book VII. on thb Brbbding. Rbaring, 
rbaring, Fattbning and managb- and Managbmbnt of Poultry. 

MBNT op CATTLB. I BOOK VIII. ON FARM OFFICES AMD 

•BOOK II. ON THB ECONOMY AND MAN- | IMPLBMBNTS OP HUSBANDRY. 



AGBMBNT OF THB DAIRY. 

BOOK III. ON THB Brbbding, Rbaring, 
AND Management of Horsbs. 

BOOK IV. ON THB Brbbding, Rbaring, 
AND Fattening of Sheep. 

BOOK V. On THB Breeding, Rbaring. 
AND Fattening of Swinb. 

Book VI. on the Diseases of Livb 



Book ix. on the culture and Man- 
agement OF Grass Lands. 

Book x. on the cultivation and 
Application of Grasses, pulsb and 
Roots. 

BOOK XI. On Manures and thbir 
Application to Grass Land and 
Crops. 



Stock. Book Xll. Monthly calendars op 

I Farmwork. 

" Dr. Fream Is to be congrattdated on tbe successful attempt he has made to give us a work 
which will at once become the standard classic of the farm practice of the country. We beHere 
that It will be found that It has no compeer among the many works at present hi exutence. . . 
The Illustrations are admirable, while the frontispiece, which re pre s e n ts the well-known buU, 
New Year's Gift, bred by the Queen, is a work of art. "— TVIm Timts. 

" The book must be recognised as occupsring the proud position of the most exhaustlre work 
of reference in the English language on the subject with which it deals."— ^iA«*««MM 

" The most comprehensive gfuide to modem farm practice that exists in the English language 
to-day . . . The book is one that ought to be on every farm and In the library of every land 
owner "—Mark Lane Express. 

" In point of exhaustiveness and accuracy the work win certainly hold a pre-eminent and 
unique pontion among books dealhig with scientific agricultural practice. It Is. in fact, an agricul- 
tural library in itself "—A^0rM British Agricttlturist. 

" This volume occupies the very front place as an authority on British agriculture ; and even 
in these depressed times no farmer worthy of the name, and taking a pride in his calling, should 
rest satisfied until lie has this erand work to refer to for help in his struggle for existence, and as a 
^uide how to make the best of his farm."— /^arm, Field, and Fireside. 

" In Dr. Fream's accomplished hands ' The Complete Grazier' has taken at a single bound 
u front place amongst the agricultural works of the day. ... As a work of reference it has a 
pre-eminent claim upon everj' farmer." — The Farmer. 

" 'The Complete Grazier' as it stands is a compendium of authoritative and well-ordered 
knowledi^e on eveiy conceivable branch of the work of the live-stock farmer ; and the name of Dr. 
Fream will be cissociated with that of Youatt— the latter as the prime author, the former as the 
perfector— of a production which, on the subject of which it treats, is probably without an equal in 
this or any other country."— 7/rtf Yorkshire Post. 

5T0CK: CATTLE, SHEEP, AND H0R5ES. 

Vol. III.— OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Woodcuts. Crown 8vo, cloth 2/6 

" The author's grasp of his subject is thorough, and his groupin«f of facts effective . . . we 
commend tllis excellent ixedX\s6."—JVeekly Dispatch. 

SHEEP: 

The History, Structure, Economy, and Diseases of. By W. C. Spoonbr. 
Fifth Edition, with Engravings, including Specimens of New and Improved 

Breeds. Crown 8vo, cloth 3/6 

" The book is decidedly tlie best of the kind in our language."— 5co/;rman. 

MEAT PRODUCTION: 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 

By John Ewart. Crown 8vo, cloth 2/6 

" A compact and handy volume."— .^/f a/ and Provision Trades Review. 
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MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By John Oliver, late Principal of the Western Dairy Institute^ 
Berkeley. With Coloured Plates and 300 Illustrations. Crown 8vo, cloth. 

7/6 

" An exhaustive and masterlv pioductlon. It may be cordially ecommended to all students. 
and iractltlonefs of dairy adeoce. —JVcrtk British Agriculturist. 

" We recommend this very comprehensive and carefully-written book to dairy-fiurmers and 
students of dairying. It is a distmct acquisition to the library of the 9igiHcoituiAst.''—Agric%Uti4rml 

BRITISH DAIRYING. 

A Handy Volume on the Work of the Dairy- Farm. For the Use of Technicall 
Instruction Classes, Students in Agricultural Colleges and the Working Dairy> 
Farmer. By Prof. J. P. Shbldon. With Illustrations. Second Edition^ 
Revised. Crown 8vo, cloth 2/6 

Confidently recommended as a useftil text-book on dairy {ajnnlDg."—Agriculiurai Gasiettt, 
" Probably uie best half-crown manual on dairy work that has yet been ptodaced."-~ /Vorth 
Brittxh AgruuUufist 

" It is the soundest little work we have yet seen on the subject."— rA« Times. 

DAIRY, PIG5, AND POULTRY. 

Vol. IV. OUTLINES OF MODERN FARMING. By R. Scott Burn. 

Woodcuts. Crown 8vo, cloth 2/0 

" We can testify to the clearness and intelligibility of the matter, which has been compiled 
from the best authorities."— Z,o«rfii?« Revinv. 

THE ELEMENTS OF AGRICULTURAL GEOLOGY. 

A Scientific Aid to Practical Farming. By Primrose McConnbll. Author of 
"Note-Book of AKricultural Facts and Figures." 8vo, cloth . N«^ 2 1 /O 
" On every page the work bears the impress of a masterly knowledge of the subject de^t 
with, and we have nothing but unstinted praise to offer."— /^w/<^. 

SOILS, MANURES, AND CROPS. 

Vol. I.— OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Woodcuts. Crown 8vo, cloth . . • 2/0 

FERTILISERS AND FEEDING STUFFS. 

Their Properties and Uses. A Handbook for the Practical Farmer. By 
Bernard Dyer, D.Sc. (Lend.). With the Text of the Fertilisers and Feeding 
Stuff's Act of 1893, The Regulations and Forms of the Board of Agriculture, 
and Notes on the Act by A. J. David, B.A., LL.M. Fourth Edition, Revised. 
Crown 8vo, cloth . ' . ' 1/0 

" This little book is precisely what it professes to be—' A Handbook for the Practicel 
Farmer.' Dr. Dyer has done fanners good senrice in placing at their disposal so much useful 
information in so intelligible a form."— T/m Times. 

THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LB530N5 FOR PARMBR5. 

Part I. Stock. Part II. Crops. By C. J. R. Tippbs. Crown Svo, doth. 

3/6 

"We have no doubt that the book will be welcomed by a lai^s c1>m of faimecs and others 
in t eres te d In aorrlculture."— S'itefMKayvf. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 

Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 

Modern Farming," &c. Crown Svo, cloth 6/0 

** This is the completest book of its class we have seen, and one which every amateur fiurmer 
will read with pleasure, and accept as a fp3\Ait,"— Field, 

THE FIELDS OF GREAT BRITAIN. 

A Text- Book of Agriculture. Adapted to the Syllabus 01 the Science and 

Art Department. For Elementary and Advanced Students. By Hugh 

Clbmbnts (Board of Trade). Second Edition, Revised, with Additions. 

iSmo, cloth 2/6 

'* It Is a Ions time since we have seen a book which has pleased us more or which cootaina 
such • vast and useful fund of knowledge. ".-J7<ftM»ifoMa/ Times. 
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OUTLINES OF MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops— Farming and Farnolng 
Economy— Cattle, Sheep, and Horses — Management of Dairy, Pigs, and 
Poultry— Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In 
One Vol., 1,250 pp., half-bound, profusely Illustrated. . . 1 2/0 

** The aim of the author has been to make his work at once comprehensive and trustworthy, 
and in this aim he has succeeded to a degree which entitles him to much credit."— J/«^»»^' 
Adveriiser. 

FARM ENOINBERINQ, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking ; Irrigation and Water Sapplv ; Farm 
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines; 
Field Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 
" Written with fir^eat care, as well as with knowledge and ability. The author has dooe Us 
work waU ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students. "—Afarik Lant B»^re*s. 

DRAINING AND EMBANKING. 

A Practical Treatise. By John Scott, late Protessor of Agriculture and 
Rural Economy at the Royal Agricultural College, Cirencester. With 68 

Illustrations. Crown 8vo, cloth 1/6 

" ^ valuable handbook to the engineer as well as to the surveyor."— Z««</. 

IRRIGATION AND WATER SUPPLY: 

A Practical Treatise on Water Meado^frs, Sewage Irrigation, Warping, &c.; 
on the Construction of Wells, Ponds, and Reservoirs, &c. By Professor 
J. ScoTT. Crown Svo, cloth . . : . . .1/6 

" A valuable and indispensable book for the estate manager and oymet."— Forestry. 

FARM R0AD5, FENCES, AND GATE5: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
Farm ; the Principles of Enclosures ; and on Fences, Gates, and Stiles. By 

Professor John Scott, Crown Svo, cloth 1/6 

"A useful practical work, which should be in the hands of every farmer."— Fa rwc;. 

BARN IMPLEMENTS AND MACHINES: 

Treating of the Application of Power to the Operations of Agriculture and 
of the various Machines used in the Threshing-barn, in the Stockyard, 
Dairy, &c. By Professor John Scott. With 123 Illustrations. Crown 
8vo, cloth 2/0 

FIELD IMPLEMENTS AND MACHINES: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c. By Professor John Scott. With 138 Illustrations. 
Crown 8vo, cloth 2/0 

AGRICULTURAL SURVEYING: 

A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
for Valuing and Reporting on Farms and Estates. By Professor J. Scott. 
Crown 8vo, cloth 1/6 

OUTLINES OF FARM MANAGEMENT. 

Treating of the General Work of the Farm ; Stock ; Contract Work, 

Labour, &c. By R. Scott Burn. Crown 8vo, cloth . . 2/6 

" The book is eminently practical, and may be studied with advantage by beginners in 
agriculture, while it contains hints which will be useful to old and successful farmers. —Sro^jma;/. 

OUTLINES OF LANDED ESTATES MANAGEMENT. 

Treating of the Varieties of Lands, Methods of Farming, the Setting-out of 
Farms, &c. ; Roads, Fences, Gates, Irrigation, Drainage, &c. By R. S. Burn. 

Crown Svo, cloth 2/6 

" A comiplete and comprehensive outline of the duties appertaining to the management of 

lafide4 estates."— ywr^?flt/ 0/ Forestry-, 
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PARMINQ AND FARMING ECONOMY. 

Historical and Practical. Vol. II.— OUTLINES OF MODERN FARMING. 
By R. Scott Burn. Crown 8vo, cloth 3/0 

" Eminently calculated to enllgrhten the agricultural community on the varied subjects of 
which it treats ; hence it should find a place in every farmer's library."— C»<y Press. 

UTILIZATION OF SEWAGE, IRRIGATION, Slc. 

Vol. V.-OUTLINES OF MODERN FARMING. By R. Scott Burn. 

Woodcuts. Crown 8vo, cloth 2/6 

" A work containing valuable information, which will recommend itself to all interested in 
modem farming." — Field. 

NOTE-BOOK OF AGRICULTURAL FACT5 & FIGURES 

FOR FARMERS AND FARM STUDENTS. 

By Primkosb McConnbll, fi.Sc., Fellow of the Highland and Agricultural 
Society. Author of "Elements of Farming." Seventh Edition, Re-written, 
Revised, and greatly Enlarged. Fcap. 8vo, 480 pp., leather, gilt edges. 

\Just Published. Net 7/6 

CONTBNTS :— SURVBYING AND LBVBLXJNG.— WBIGHTS AND MBASURBS.— M ACHINBRY 
AND BUILDINGS. — LABOUR. — OPBRATIONS. — DRAINING. — EMBANKING. — GBOLOGICAL 
MBMORANDA. — SOILS. — MANURBS. <— CROPPING. — CROPS.— ROTATIONS. — WBBDS. — 
FBBDING.— DAIRYING.— LIVB STOCK.— HORSBS.— CATTLB. — SHBBP.—PIGS.— POULTRY.— 
FORBSTRY.— HORTICULTURB.— MISCBLLANEOUS. 

** No fanner, and certainly no asiicnltural student, ought to be without this mutU wi t^in-^rvo 
manual of all subjects connects with the turn."— North British AericuUurisi. 

" This little pocket-book contains a large amount of useful information upon all kinds of 
agricultural subjects. Something of the kmd has long been wanted."— J/ari! Lxtne Express. 

"The amount of Information It contiiDS is most surprising ; the arrangement of the nutter is 
so methodical— although so compressed— «s to be intelligible to everyone who takes a glance through 
to pages. They teem with information."— Farm and Home. 

TABLES and MBMORANDA lor FARMERS, QRAZIER5, 

AGRICULTURAL STUDBNT5, 5URVBYOR5. LAND AOBNT5. 
AUCTIONBBR5, &c. 

With a New System of Farm Book-keeping. By Sidney Francis. Fifth 

Edition. 37a pp., waistcoat-pocket size, limp leather . . 'I/O 

"Weighing less than i oz., and occupying no more space than a match-box. It contains amass 
of fisctsana calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be tiJeen as utorou^ly accurate, the whole of 
the tables having been revised by Dr. Fream. We cordially recommend \t."-~Beirs Weekly 
Mtstenger. 

THE HAY AND 5TRAW MEASURER: 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c., forming a complete Calculator and Ready Reckoner. By 
John Steele. Crown 8vo, cloth 2/0 

"A most useful handbook. It should be in every professional office where ^n^cultural 
vahiations are conducted."— Z.a«rf Af^enfs Record. 

READY RECKONER FOR ADMEASUREMENT OF LAND. 

By A Arman. Revised and extended by C. Norris, Surveyor. Fifth 
Edition. Crown 8 vo, cloth 2/0 

" A very useful book to all who have land to measure."— ^Var/t Lane Express. 

" Should be in the hands of all persons having any connection with land.*^— /rt'jA Farm. 

READY RECKONER FOR MILLERS, CORN MER- 
CHANTS, 

And Farmers. Second Edition, revised, with a Price List of Modern Flour 
Mill Machinery. By W. S. Hutton, C.E. Crown Svo, cloth . . 2/0 
"Will prove an indispensable vade mecum. Nothing has been spared to make the book 
complete and perfectly adapted to its special purpose."— A/i/2lfr. 

BOOK - KEEPING FOR FARMERS AND ESTATE 

OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman, Chartered Accountant. Fourth 

Edition. Crown Svo, cloth 2/6 

•• Will be found of great assistance by those who intend to commence a system of book- 

keepins:, the author's examples beings clear and explicit, and his explanations full and accurate."— 

Live Stock youmal. 
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WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labonr Account and Diary, and^ showins the Income and 
Expenditure under each Department of Crops. Live Stoac, Dairy, &c., ftc. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half-bound Ak/ 7/6 

" Contains every fequldte for keeping ferm accounts leadfly and accurately."— ^fvicvMwv. 

THE HORTICULTURAL NOTE-BOOK. 

A Manual of Practical Rules, Data, and Tables, for the use of Students, 
Gardeners, Nurserymen, and others interested in Flower, Fruit, and Vegetable 
Culture, or in the Laj'ing-out and Management of Gardens. By J. C. 
Newsham, F.R.H.S., Headmaster of the Hampshire County Council 
Horticultural School. With numerous Illustrations. Fcap 8vo, cloth. 

[Just Hiblished. Net 7/6 

MARKET AND KITCHEN QARDENINQ. 

By C. W. Shaw, late Editor of " Gardening Illustrated." Crown 8vo 3/6 
"The most valuable compendium of kitchen and market-garden work pixhMshed."-— Fat mrr. 

A PLAIN GUIDE TO GOOD GARDENING ; 

Or^ How to Grow Vegetables, Fruits, and Flowers. Bv S. Wood. Fomrtb 

Edition, with considerable Additions, and numerous Illustrations. Crown 

8vo, cloth 8/6 

" A very good book, and one to be highly reconunended as a practical guide. The practical 
directions are excellent."— ^/AcfurMm. 

THE FORCING GARDEN; 

Or, How to Grow Early Fruiu, Flowers and VegeUbles. With Plant and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 
By Samuel Wood. Crown 8vo, cloth 8/6 

" A good book, containing a great deal of valuable teaching.*'— GartUturt' MofaHtu. 

KITCHEN GARDENING MADE EASY. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By Geo. M. F. 

Glenny. Illustrated. Crown 8vo, cloth "1/6 

" This book will be found trustworthy and useful."— A'^r/A British Agriculturist. 

COTTAGE GARDENING; 

Or, Flowers, Fruits, and Vegetables or Small Gardens. By E. Hobday. 

Crown 8vo, cloth "1/6 

" Definite instructions as to the cultivation of small gardens."— 5r<»/Lrma^/. 

GARDEN RECEIPTS. 

Edited by Charles W. QuiN. Fourth Edition Crown 8vo, cloth . 1/6 
"A singularly complete collection of the principal receipts needed by gardeners." — Farmer. 

MULTUM-IN-PARVO GARDENING ; 

Or, How to Make One Acre of Land produce £(no a jrear, by the Cultivation 
of Fruits and Vegetables ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise Ji^nt per annum clear Profit. By Samuel Wood, Author of 
" Good Gardening, &c. Sixth Edition, Crown 8 vo, sewed '1/0 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth 3/6 

FRUIT TREES, 

The Scientific and Profitable Culture of. From the French of M. Du 
Breuil. Fifth Edition, carefully Revised by George Glennv. With 187 

Woodcuts. Crown 8vo, cloth 3/6 

" The book teaches how to pruna and train fruit Jtrees to perfection."— A^/rf. 
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ART OF GRAFTING AND BUDDING. 

By Charles Baltet. With Illustrations. Crown 8vo, cloth . 2/6 

" The one standard work on this s\ihject."—Scotsmaft. 

TREE PRUNER: 

Being a Practical Manual on the Pruning of Fruit Trees, including also 
their Training and Renovation, also treating of the Pruning of Shrubs, 
Climbers, and Flowering Plants. With numerous Illustrations. By 
Samuel Wood, Author of " Good Gardening," &c. Crown 8vo, cloth 1 /6 

" A useful book, written by one who has had great experience."— Mark Lane Express. 

TREE PLANTER AND PLANT PROPAGATOR: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 

Houses, Pits, &c. By S. Wood. Crown 8vo, cloth .... 2/0 

" Sound in its teaching and very comprehensive in its aim. It is a good hooY."— Gardeners' 
Magazine. 

*♦* Tht above. Two Vols in One, handsomely half-bound, entitled "The Tree 
Planter, Propagator and Pruner." By Samuel Wood. Price 3/6- 

THE CULTIVATION AND PREPARATION OF PARA 

RUBBER. 

By W. H. Johnson, F.L.S., F.R.H.S. 8vo cloth . .Net 7/6 

For Summary of Contents, see page 44. 

POTATOES: HOW TO GROW AND SHOW THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/0 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, wrapper 1/0 



AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, ETC. 



INWOOD'S TABLES FOR PURCHASING ESTATES 

AND FOR THB VALUATION OP PROPBRTIBS, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 
&C-, &c. 28th Edition, Revised and Extended by William Schooling, 
F.R.A.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth . . Net 8/0 

" Those interested In the purchase and sale of estates, and In the adiustment of compensation 
cases, as well as In transactions in annuities, lifo insurances, &c., will find the present edition of 
eminent s/arA/ce."— Engineering. 

"This valuable Dook has been considerably enlai^d and improved by the labours of 
Mr. Schooling, and is now very complete SnAeoA.*'— Economist. 

" Altogether this edition will prove of extreme value to many classes of professional men In 
saving them many long and tedious calculations."— /Mt«fA>rx' Review. 
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AQRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the 'Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agri- 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

Ifet 7/6 
' ' An exceedingfly useful book, the contents of which are admirably chosen. The classes for 
whom the woric is intended will find it convenient to have this compreh<Hisiv« handbook accessible 
fbr reference."— Z.tt« Stock yournal. 

" It is a singfularly compact and well informed compendium of the focts and figfures likely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addreffied. "—Scotsman. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Cotmsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised Demy 8vo, cloth ~. 1 2/0 

"The work is one of general excellent character and gives much information In a com> 
pendious and satisfactory fotta."—Su{UUr. 

" May be recommended as giving a great deal of Information on the law relating to 
auctioneers, in a very readable form. — £.aw yournal, 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND B5TATB AOBNT AND VALUBR'5 POCKBT A53I5TANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c. By 
John Whbelbr, Valuer, &c. Re-written and greatly Extended by C. Norris. 
Seventh Edition Royal samo, cloth 6/0 

" A neat and concise book of reference, contalnii^ an admirable and dearly-arranged list of 
prices for inventories, and a veiy practical guide to determine the value of furniture, Stc"— ^Standard. 

"Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices fiot 
inventories, and a guide to determine the value of interior fittings and other effects."— SuiUeler. 

THE AQRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including 
Example of a Detailed Report on Management and Realisation; Forms of 
Valuations of Tenant Right ; Lists of Local Agriculttural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts, &c. By Tom Bright, Agricul> 
tural Valuer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, Revised, with Appendix containing a Digest of 
the Agricultural Holdings Acts, 1883 — iqoo. Crown 8vo, cloth . Net 6/0 

" Full of tables and examples in connection with the valuation of tenant-right, estates, laboor, 
contents and weights of timber, and £arm produce of all \dads."—A£ricuUurai Gatittte. 

" An eminently practical handbook, full of practical tables and data of undoubted In t e wwt and 
value to surveyors and auctioneers in preparing valuations of all kinds."— farmer. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
8vo, cloth 8/6 

" To valuers, foresters and agents it will be a welcome aid."— North BriHthAgrricuUurist. 
" Well calculated to assist the valuer in the discharge of his duties, and of undoubted IntereK 
nnd use both to surveyors and auctloneeis in preparing valuations of all kinds."— ^«n/ Htrald. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda rMuired in any Computation 
relatmg to the Permanent ImDroyement of Landed Property. By Tohm Ewart, 
Surveyor. Second Edition Revised. Royal 39mo, oblong, leather 4/0 

",A compendious and handy little xoVxtda." —Spectator, 
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THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure. &x. By R. Hudson, C.E. New Edition. 

Royal 33mo, leather, elastic oand 4/0 

" Of incalculable value to the country gentleman and profesdonal man."— Farmtrt' yournal. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather 7/6 
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TREATISE ON MATHEMATICS, 

As applied to the Constructive Arts. By Francis Campin, C.E., &c. 
Third Edition. Crown 8vo, cloth 3/0 

"Should be in the hands of every one connected witli buildinjj constniction."— ^///Yf/^rj" 

SLIDE RULE, AND HOW TO USE IT. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charles Hoare, 
C.E. With a Slide Rule, In tuck of cover. Eighth Edition. Cr. 8vo 2/6 

MATHEMATICAL TABLES, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms, By H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor 
J. R. Young. New Edition. Crown 8vo, cloth .... 4/0 

LOGARITHMS. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henry Law, C.E, Revised Edition. (Forming part of 
the above work.) Crown 8vo, cloth 3/0 

EUCLID, 

The Elements of; with many Additional Propositions and Explanatory 
Notes ; to which is prefixed an Introductory Essay on Logic, By Henry 

Law, C.E, Crown 8vo, cloth 2/6 

*^* Sold also separately, viz. :— 
EUCLID. The First Three Books. By Henry Law, C.E. Crown 8vo, 

cloth 1/6 

EUCLID. Books 4, 5, 6 11, 12. By Henry Law, C.E. Crown 8vo, cloth 

1/6 

THEORY OF COMPOUND INTEREST AND ANNUITIES, 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purposes, By Fedor Thoman, of the Society Credit Mobilier, 
Paris. Fourth Edition. Crown 8vo, cloth. 4/0 

"A very powerful work, and the author has a very remarkable command of his subject."— 
Professor A. DE MORGAN. " We recommend it to the notice of actuaries and accountants."— 
Ai/tenanm. 

ARITHMETIC, 

Rudimentary, lor the Use of Schools and Self-Instruction. By Jambs 
Haddon, M.A. Revised by Abraham Arman. Crown 8vo, cloth . 1/6 
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ARITHMETIC, 

A Rudimentary Treatise on : with full Explanations of its Theoretical Prin- 
ciples, and numerous Examples for Practice. For the use of Schools and 
for Self-Instruction. By J. R. Young, late Professor of Mathematics in 
Belfast College. Fourteenth Edition. Crown 8vo, cloth -1/6 

KEY TO THE ABOVE. 

By J. R. Young. Crown 8vo, cloth 1/6 

EQUATIONAL ARITHMETIC, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce : with various Tables by which all calculations may be greatly 
facilitated. By W. Hipsley. Crown 8vo, cloth 1/6 

COMMERCIAL BOOK-KEEPING. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By Tames Haddon, M.A., formerly Mathematical Master, King's 
College School. Crown Svo, cloth 1/6 

ALGEBRA, 

The Elements of. By James Haddon, M.A., formerly Mathematical 
Master of King's College School. With Appendix, containing Miscellaneous 
Investigations, and a collection of Problems. Crown Svo, cloth . 2/0 

KEY AND COMPANION TO THE ABOVE. 

An extensive repository of Solved Examples and Problems in Illustration 
of the various Expedients necessary in Algebraical Operations. By J. R. 
Young. Crown Svo, cloth 1/6 

DESCRIPTIVE GEOMETRY, 

An elementary Treatise on ; with a Theory of Shadows and of Perspective 
extracted from the French of G. Monge. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Heather, 
M.A. With 14 Plates. Crown Svo, cloth 2/0 

PRACTICAL PLANE GEOMETRY: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
Crown Svo, cloth 2/0 

" The author is well-known as an experienced professor, and the volume contains as complete 
a collection of problems as is likely to be required in ordinary practice."— A rchi/ect. 

ANALYTICAL GEOMETRY AND CONIC SECTIONS. 

By J. Hann. Enlarged by Professor J. R. Young. Crown Svo, cloth 2/0 

" The author's style is exceedin;ly clear and simple, and the book is well adapted for the 
beginner and those who may be obligea to have recourse to self-tuition."— ^n^Vt^^r. 

PLANE TRIGONOMETRY, 

The Elements of. By James Hann, M.A. Seventh Edition. Cr. Svo. 1 /6 

SPHERICAL TRIGONOMETRY, 

The Elements of. By James Hann. Revised by Charles H. Dowling, 

C.E. Crown Svo, cloth 1/0 

%♦ Or with "The Elements 0/ Plane Tngonometry," in', One Vol. Crown 
Svo, cloth * . . . 2/6 

DIFFERENTIAL CALCULUS, 

Elements of the. By W. S. B. Woolhouse. Crown Svo, cloth . 1 /Q 

INTEGRAL CALCULUS. 

By Homersham Cox, B.A. Crown Svo, cloth -{jQ 
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MATHEMATICAL INSTRUMENTS, 

A Treatise on ; Their Construction, Adjustment, Testing, and Use concisely 
explained. By J. F. Heather, M.A., of the Royal Military Academy, 
Woolwich. Fifteenth Edition, Revised with Additions, by A. T. Walmjs- 
LEY, M.Inst.C.E., Fellow of the Surveyors' Institution. Original Edition in 

One Vol., Illustrated. Crown 8vo, cloth 2/0 

*»♦ In ordering be careful to say " Original Edition," to distinguish it from the 

Enlarged Edition in Three Vols, (see below). 

DRAWING AND MEASURING INSTRUMENTS. 

Including— I. Instruments employed in Geometrical and Mechanical Draw- 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used tor the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Heather, M.A. Cr. 8vo "f /6 

OPTICAL INSTRUMENTS. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Plans by Photography. By J. F, Heather, 
M.A. Illustrated. Crown 8vo, cloth 1/6 

SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including— I. Instruments used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments employed in Astronomical Obser- 
vations. By J. F. Heather, M.A. Illustrated. Crown 8vo, cloth . "|/6 

*+* The above Three Volumes form an Enlargement of the Author's original xvork 

" Mathematical Instruments" pnce 2/0* 

MATHEMATICAL INSTRUMENTS: 

Their Construction, Adjustment, Testing and Use. Comprising Drawing, 

Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 

Heather, M.A. Enlarged Edition, for the most part re-written. Three 

Parts as above. Crown 8vo, cloth 4/6 

" An exhaustive treatise, belonging to the well known Weale's Series. Mr. Heather's experi- 
ence well qualifies him for the task he has so ably fulfilled." — Hti^i^ineerins^ and Buildings Times. 

STATICS AND DYNAMICS, 

The Principles and Practice of; embracing also a clear development of 
Hydrostatics, Hydrodynamics, and Central Forces By T. Baker, C.E. 
Fourth Edition. Crown 8vo, cloth 1/6 
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LAW AND MISCELLANEOUS. 



BVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concisb 
DiCTioNAKY OP Legal Terms. By A Barsistul Forty-third Edition, 
carefuliy Revised, and comprising New Acts of Parliament^ including the 
Trades Marks Act, 1905; Railway Fires Act, 1905; Alt4tts Act^ 1905; 
Unemployed Workmen's Act, 1905; Marriages Act^ 1905; Prevention of 
Cruelty to Children Act, 1904 ; Weights and Measures Act^ 1904 ; Shot Hours 
Act, 1904; and many other recent Acts, including the New Law relating to 
the Granting of Patents for Inventions, which came into operation on Jan. i, 
1905. Judicial Decisions pronounced during the year have also been duly 
noted. Large Crown 8vo, 838 pp., cloth. [j^t Published, Net 6/8 






Tku Standard Work of R^eronct forms a Complbtb Epitoms op thb 
Laws op England, comprising {/amongst other mattor): 



TH£ RIGHTS AND ^\ RONGS OF INDIVIDUALS 



Landlord and Tenant 
Vendors and Purchasbrs 
Contracts and agrbbmbnts 
Conveyances and mortgages 
Joint-stock Companies 
partnership. shipping law 
Dealings with Money, surbtiship 
CHEQUES. Bills and notes 
Bills op Sale. Bankruptcy 
Masters, Servants and workmen 
insurance: lipb, accident, etc 



Copyright, patents, Trade Marks 

HUSBAND and WIFE, DIVORCE 

infancy, custody of children 
trustees and executors 
Taxes and death Duties 
Clbrgvmen, Doctors, and lawyers^ 

PARLIAMfiN lARY ELECTIONS 

LOCAL Government 

LiBRL AND SLANOBR 

nuisances. criminal law 
Game Laws, Gaming, innkeepers 



FORMS OP Wills, agrbbmbnts. Moticbs, &c. 



MT* TMs abject ^f this work is to onaiU those who consultU to fuipOumsttMS toOu 
iaw ; and thoreby to dispense, as far asfossibUt with pn^essional assistance and advice. There 
are many wrongs and grievances which porso$ts submit to front time to time through not 
knowing how or where to apply /or redress; and many persons have as great a dread ^ a 
lander's oMu as of a lion's tUn. fVith this book at hand it is believed that many a SlX^AND< 
EiGHTPBNCB may be saved; manv a wrong redressed ; manv a right reclaimed; memy m law 
suit avoided; ana many an evil abated. The work has established itself as the standard legni 
adviser ^all classes, and has also made a r^utoHon/or itself eu a us^ul book ^ r^ference/br 
lawyers residing at a distance front law libraries, who are glad to have at hand a work 
embodying recent decisions and enactmentt. 



*•* Opinions op thb Prbss. 

"The amount of infonnation jpven in the volume is simply wonderfuL The contioued 
popularity of the work shows that it fulfils a useful purpose."— Z^sw journal. 

" As a book of reference this volume is without a tiyaL"-^Pali Mail Gajtette. 

"No Ens^lishman ought to be without this book."— -^M^MMr. 

" Oug^ht to be in every business establishment and in all yibTanes."—Shej0!eld Post. 

" The ' Concise Dictionary ' adds considerably to its yt^e."—JVestmiHSter Gastette, 

" It is a complete code of English Law written in plain languam, wlilch all can undeistattd. 
. . . Should be in the hands of eveiy business man, and aU who wish to abolish lawyen^ bllli."^ 
ty*ekly Times. 

" A useful and concise epitome of the law, compiled with considerable cxn."—I-aw Magastine. 

" A complete digest of the most useful facts which constitute English )aM."—GMe. 

"Admirably done, admirably arranged, and admirably ttuet^."— Leeds Mercury. 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand."— ^i(fa>v. 

" A dictionary of legal facts well put together. The book Is a very useful Qix:'''^Spectator. 



LABOUR CONTRACTS. 

A Popular Handbodc on the Law of Contracts or Works and Services, By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttlbt, 



Solicitor. Fcap. 8vo, cloth 



8/t 
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HANDBOOK FOR SOLICITORS AND BNQINEBRS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways. Tramways, Gas and Water Works, &c. 
By L. L. Macassbv, of the Middle Temple, Barrister-at-Law, M.I.C.£. 
8vo, cloth £1 6s. 

PATENTS lor INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth '1/6 

CONCILIATION & ARBITRATION in LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
QaestioQ at H(»ne and Abroad. By J. S. Jbams. Crown Svo, aoo pp., 
doth 2/6 

MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 
B. Mackib, Fellow of the Institute of Journalists. Crown Svo, cloth . 2/0 

" This Invaluable guide to joumalism is a work which all aspinmts to a Journalistic career will 
read with advantage."— yM<ma/«ir/. 

DICTIONARY OF PAINTERS, 

And Handbook lor Picture Amateurs ; being a Guide for Visitors to Public 

and Private Picture Galleries, and for Art Students, including Glossary of 

Terms, &c. By Philippe Daryl, B.A. Crown 8vo, cloth . . 2/6 

" Consideriiig its sinall compass, really admirable. We cordially recommend the book."— 
Builder. 

DICTIONARY OF TERM5 U5ED IN ARCHITECTURE, 

Building, Engineering, Mining, Metallurgy, Archaeology, the Fine Arts, &c. 
By John Weale. Sixth Edition. Edited by Robt. Hunt, F.R.S., 

Numerous Illustrations, Crown Svo, cloth 6/0 

"The best small technological .dictionary in the language.'— ../rf/f/Vfr A 

NATURAL PHILOSOPHY, 

For the Use of Beginners. By C. Tomlinson, F.R.S. Cr. 8vo,cioth 1/6 

HANDBOOK OF FIELD FORTIFICATION. 

By Major W. W. Knollys, F.R.G.S. Crown Svo, cloth . . . 3/0 

" A well-timed and able contribution to our military literature . . . The author supplies, in 
clear business style, all the information likely lo be practically usefu\."—CMamifers of Commerce 
Chronicle. 

COMPENDIOUS CALCULATOR 

{Intuitive Calculations) ; or Easy and Concise Methods 01 performing the 
various Arithmetical Operations required in Commercial and Business 
Transactions; together with Useful Tables, &c. By Daniel O'Gorman. 
Twenty^ighth Edition, revised by C. Norris. Crown Svo, cloth , 2/6 

" It would be difficult to exaggerate the usefulness of this book to every one engaged in 
commerce or manufacturing industry. It is crammed full with rules and formulae for ^ortening 
and employing calculations in money, weights and measures. &c., of every sort and description."— 
ICnowUdge. 

MEASURES, WEIGHTS, AND MONEYS OF ALL 

NATIONS. 

And an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOusE,F.R.A.S. Seventh Edition. Cr. Svo, cloth 2/6 

"A work necessary for every mercantile office."— Jiitilciifij,^ Trades yournal. 
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5PANI5H GRAMMAR. 

In a Simple and Practical Form. With Exercises. By Alfrkd Elwbs. 
Crown 8vo, cloth .I/O 

5PANI5H-ENQL15H AND ENQLI5H-SPANI5H DIC- 
TIONARY. 

Including a large umber of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 
Elwes. Crown 8vo, cloth 4/0 

PORTUGUESE GRAMMAR. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes. 
Crown 8vo, cloth 1/6 

PORTUGUESE-ENGLISH AND ENGLISH-PORTU- 

OUESB DICTIONARY. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 
Elwes. Fourth Edition, revised. Crown 8vo, cloth .... 5/0 

• 

ANIMAL PHYSICS, 

Handbook of. By Dionysius Lardner, D.C.L. With 520 Illustrations. 
In One Vol. (732 pages). Crown 8vo, cloth 7/6 

MUSIC, 

A Rudimentary and Practical Treatise on. By C. C. Spencer. Crown 8vo. 

2/6 

" Mr. Spencer has marshalled his information with much skill, and yet with a simplicity that 
must recommend his works to all who wish to thoroughly understand music."-' IVee^/y Times. 

PIANOFORTE, 

The Art of Playing the. With Exercises and Lessons. By C. C. Spencer 
Crown 8vo, cloth 1/6 

" A sound and exceUent work, written with spirit, and calculated to inspire the pupil with n 
desire to aim at high accomplishment in the &xi."—^hool Board Chronicle. 



INDEX OF SUBJECTS. 



Acetylene Gas, Gibbs, 43 

Acoustics, Smith, 35 

Aerial Navigation, Walker, 11 

Tramways, Tayler, i 

Agricultural Geology, McCon- 

n^ll, 53 

Note Book, McConnell, 55 

Surveying, Scott, 54 

Surveyor, Bright, 58 

Valuing, Bright, 58 



Air Machinery, Weisbach, 10, 23 
Algebra, H addon, 60 
Alkali Trade, Lomas, 43 
Alphabets, Delamotte, 39, 40 
Alternating Current Machines, 

Sheldon and Mason , 2 
Angles, Tees, Plates, Beams, 

&c., 19 
Animal Physics, Lardner, 64 

Physiology, Lardner, 42 

Appraiser's Assistant, Wheeler, 

58 
Arches, Piers, &c., Bland^ 32 

Architect's Guide, Rogers, 35 
Architectural Modelling, Rich- 
ardson, 35 
Architecture, Ancient, 35 

Civil, Chambers, 35 

Design, Garbett, 35 

Grecian, Aberdeen^ 35 

Mechanics of. Tarn, 35 

Modern, 35 

of Vitruvius, Gwilt, 35 

Orders, Leeds, 35 

Orders and Styles, 35 

Styles, Bury, 35 

Arithmetic, Haddon^ 59 

Young, 60 

Equational, Hipsley, 60 

Armature Windings, Arnold^ 29 
Artists' Pigments, Standagej 44 



Asbestos, /on^s, 27 
Astronomical Glossary, Gore, 41 
Astronomy, Lardner, 42 

Ma/» and Lynn, 41 

Auctioneers, Squibbs, 58 



Bam Implements, 5^o/^ 54 
Beams, Flexure of, Guy, 18 

Properties of, 19 

Bees, Samson, 57 

Blast Furnaces, Stevenson, 11 

Blasting, Burgoyne, 19 

Blowpipe, Ross, 43 

Boiler and Factory Chimneys, 

Wilson, 3 
Boilers, Armstrong, 4 

Bauer, 20 

Courtney, 3, 4 

Fo/<fy, 2 

Horner, 3 

Hutton, 3, 4 

Wilson, 3 

Book-keeping, Haddon^ 60 

for Farmers, H^oo<i»ja«, 55 

Boot and Shoe Making, L^mo, 45 
Brass Founding, Graham, 47 
Bread and Biscuit Baker, Wells, 

47 
Breakfast Dishes, Allen, 48 

Brewing and Malting, Wright, 

42 

Brick and Tile Book, 33 

Making, Dobson, 32 

Brick-cutting, Hammond, 32 

Bricklaying, Hammond, 32 

Brickwork, Walker, 32 

Bridges, Iron, Humber, 16 

Iron, Pendred, 17 

Oblique, jBkcA, 16 

Tabulat, Dempsey, 17 
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Bridges and Viaducts, Campin^ 

British Mining, Hunt, 25 
British Standard Sections (Dia- 
grams, Definitions, &c.), 19 
Builder's Price Book, Lock wood, 

31 
Measuring, Beaton^ 34 

Quantities, Beaton j 34 

Building, a Book on, Beckett, 32 

Art of, DohsoHy 32 

Construction, Allen, 31 

Cottage, Allen, 32 

Dwelling Houses, Brooks, 

32 

Estates, Maitland 32 

Farm, Scott, 32 

Science of. Tarn, 32 



Cabinet-Making, Bitmead, 38 

Working, Hasluck, 49 

Calculator, 0' Gorman, 63 
— — Chadwicky 51 
Calculator, Weight, Harben, 51 
Calculus, Diflferential, Woolhouse, 

60 

Integral, Cox, 60 

Carpenter's Guide, Nicholson, 37 
Carpentry and Joinery, Tredgold 

and Tarn, 37 

Tredgold, 37 

Cattle, Sheep, &c. , Burn, 52 
Cements, &c., Standage, 48 
Chain Cables, Traill, 22 
Chemistry of Mining, Byrom, 27 
Chimneys, Wilson, 3 
Circular Work, Collings, 38 
Civil Engineering, Law;, 18 
Clock Jobbing, Hasluck, 49 
Clocks, Watches, and Bells, 

Beckett, 46 
Coach-Building, Burgess, 48 
Coal & Iron Industries, Meade, 

27 

Mining, Cockin, 26 

Smyth, 27 

Colliery Manager. Pamely, 26 
Working, Bulman and Red- 

mayne, 26 
Colouring, FiVW cS* Davidson, 40 
Colours & Dye Wares, 5/<i'^r, 44 



Commerce, Gambaro, 50 
Commercial Correspondence, 

Baker, 50 
Compound Interest, Thoman, 59 
Concrete, Sutclife, 33 
Confectioner, Flour, H^«//s, 48 
Confectionery, W^//s, 47, 48 
Constructional Ironwork, 

Campin, 18 
Copper Conductors, &c., 19 

Metallurgy of, Eissler, 24 

Cottage Building, Allen, 32 

Gardening, Hobday, 56 

Cotton Manufacture, Lister, 45 

Cranes, Glynn, 11 

Creation, Records of, Le VauXy 

Curves, Tables of, Beazeley, 15 
Cyanide Process, Eissler, 24 



Dairying, British, Sheldon, 53 
Dairy, Pigs, and Poultry, Burn, 

53 

Dangerous Goods, Phillips, 43 

Decoration, Fo^fy, 39 

House-Painting, Graining, 

&c., 40 
Imitation of Woods and 



Marbles, 39 

— Marble, Blagrove, 40 

For other works see pages 



39.40 
Decorator's Assistant, 40 

Deep Level Mines of the Rand, 

Denny, 23 
Diamond Drilling, Denny, 24 
Dictionary of Architecture, 

Weale and Hunt, 63 

Painters, Daryl, 63 

Direct Current Machines, Sheldon 

and Mason, 29 
Discount Guide, Harben, 51 
Drainage of Lands, Clark, 13 

(Mine), Michell, 25 

Draining & Embanking, Scott, 

54 
Drawmg Instruments, Heather, 

61 

Rules on, Pyne, 34 

Dwelling Houses, Brooks, 32 
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Dynamic Electricity, Atkinson, 

31 
Dynamo Construction, Urquhart, 

30 
How to Make, Crofts, 30 

Management, Pater son, 29 

Motor and Switchboard 

Circuits, Bowker^ 29 



Earthwork, Graham^ 16 

Tables, Broadbent <&• Cam- 

pin, 16 

Tables, Buck, 16 



Earthy Minerals, DavieSj 25 
Electrical Calculations, Atkinson, 

30 
Conductors, Perrine^ 29 

Dictionary, Shane, 30 

Engineering, Alexander, 28 

Sewell, 28 



Machinery, 20 

Pocket Book, Kempe, 30 

Transmission, Abbott, 28 



Electricity Applied to Mining, 
Lupton, Parr, cS* Per kin, 26, 29 

Lardner and Foster j 42 

Text-Book, Noad, 31 

Electric Light Fitting, Urquhart, 

31 
Light, Knight, 30 

Light, Urquhart, 30 

Lighting, Swinton, 30 

Ship-Lighting, Urquhart, 31 

Telegraph, Lardner ^ 42 

Electro-Metallurgy, PTaW, 46 

Plating, Urquhartf 46 

Plating, PTaW a«i PAt7t/>, 46 

Typing, Urquhart, 46 

Embroiderer's Design, Delamotte, 

40 

Engine-Driving Life, Reynolds, 6 

Engineering Chemistry, Phillips, 

43 
Drawing, Maxton^ 8 

Estimates, 9 

Progress, Humber, 18 

Standards* Committee, 

19, 20 



Engineering Tools, Horner, 2 
Engineer's Assistant, Templeton, 

8 

Companion, Edwards, 8 

Field Book, Haskoll, 14 

Handbook, Hutton, 4 

— — Pocket-Book, Clark^ 7 

Reference Book, Foley, 2 

Turning, Horner, 2 

Year Book, Kempe, 7 



Engineman's Companion, Rey- 
nolds, 6 
Estate Tables, Inwood, 57 
Euclid, Law, 59 
Every Man's Own Lawyer, 62 
Excavating, Prelim, 15 
Explosives, Eissler, 43 
Nitro, Sanford, 43 



Factory Accounts, Garcke 6* 

F^//5, 50 
Farm Acct. Book, Woodman, 56 

Buildings, S^^o//, 32 

Engineering, Scott, 54 

Management, Burn, 54 

Roads, &c., Scott, 54 

Farmers' Tables, Francis, 55 
Farming Economy, Bum, 55 

Outlines, Burn, 54 

Small, Burn, 53 

Fertilisers, &c., Dyer, 53 
Field Coils (Electrical), 20 

Fortification, Knollys, 63 

Implements, Scott, 54 

Fields of Gt. Britain, Clements, 

53 
Fires & Fire Engines, Young, 1 1 

Flour, /ifiV^ and Powles, 47 

Forestry, Curtis, 37 

Foundations, &c., Dobson, 19 

French Polishing, Bitmead, 48 

Fruit Trees, Dm Breuil, 56 

Fuel, Williams and Clark, 10 

Fuels, Phillips, 10 



Garden, Forcing, TVaotf, 56 
Receipts, gKfff, 56 
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Gardening, Good, Wood, 56 

Ladies*, Wood, 56 

Multum-in-Parvo, Wo^, 56 

Gas and Oil Engines, Bale, $ 

Engines, Goodeve, 6 

Engines, Mathot, 6 

Engine Handbook, Rohefts, 

6 

Engineer's Pocket Book, 

0* Connor, 43 

Fitting, Black, 47 

Producer Plants, Mathot, 6 

Works, Hughes, 18 



Gauge Length, Unwin, 19 
Geology, Historical, Tate, 28 

Physical, Tate, 28 

TaU, 28 

Geometry, Tarn, 17 

Analytical, Hann, 60 

Descriptive, Heather, 60 

Technical, Sprague, 17 

of Compasses, Byrne, 17 

Plane, Heather, 60 

Girders (Iron), Buck, 17 

Glass Staining, Gessert and 

Fromherg, 41 
Gold Assaying, Phillips, 24 

and Silver, Merritt, 24 

Metallurgy of, Eissler, 24 

Prospecting, Rankin, 23 

Goldsmith's Handbook, Gee, 46 

and Silversmith, Gee, 46 

Grafting and Budding, Baltet, 57 
Granites. Harris, 27 
Grazier, Complete, Fream, 52 



Hall Marking Jewellery, Gee, 46 
Handrailing, Collings, 38 

Goldthorp, 38 

Hay & Straw Measurer, Steele, 

55 
Health Officer, Willoughby, 36 

Heat (Expansion by), Keily, 18 

Heat, Lardner and Loewy, 41 

Heating by Hot Water, Jones, 

33 
Hints to Architects, Wightwick 

and Guillaume, 35 
Hoisting Machinery, Horner, i 
Hoisting & Conveying Ma- 
chinery, Zimmer, i 



Horology, Saunier, 45 
Horticulture, Newsham, 56 
House Decoration, Fac*y, 39 
Owner's Estimator, Simon t 

Painting, Davidson, 39 

Property, Tarbuck, 34 

Hydraulic Manual. Jackson, 13 

Engineering, Marks, 13 

Tables, Neville, 13 

Hydrostatics, Lardner, 41 



Illumination, Delamotte, 40 
India Rubber, Johnson, 44, 57 
Indian Railway Locomotives, 19 
Inflammable Gas, Clowes, 27 
Insulating Materials (Elec- 
trical), 20 
Inwood's Estate Tables, 57 
Iron Trades Companion, 
Downie^ 50 

and Steel, Hoare, 8 

, Metallurgy of, Bauerman, 

25 
Ores, Kendall, 25 

Plate Weight Tables, 

BurlinsoH and Simpson, 51 

Irrigation, Mawson, 11 

and Water Supply, Scott, 

54 



Jeweller's Assistant, Gee, 46 

Joints (Builders'), Christy, 38 
ournalism, Mackie, 63 



Key to Haddon's Algebra, 60 

to Young's Arithmetic, 60 

Kitchen Gardening, Glenny, 56 



Labour Contracts, Gibbons, 62 

Disputes, Jeans, 63 

Land Improving, Ewart, 58 
Ready Reckoner, Arman, 

55 
(Reclamation of), Beaxeky, 
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Land, Valuing and Improving, 
Hudson and Ewart, 59 

Valuing, Hudson ^ 59 

Landed Estates, Bum^ 54 
Lathe Work, Hasluck, 9 
Laundry Management, 48 
Lawyer, Every Man's Own, 62 
Lead (Argentiferous), Eissler^ 25 
Leather Manufacture, Watt, 45 
Letter Painting, Badenoch^ 40 
Levelling, Simms, 15 
Light, Tarny 35 
Light Railways, Calthrop, 11 
Lightning Conductors, Hedges, 33 
Limes, Cements, Burnellf 34 
Locks, Tomlinsony 48 
Locomotive Engine, Stretton, 5 

Engine, Weatherburn, 5 

Engine Driving, Reynolds, 5 

Engineer, Reynolds, 5 



— Engines, Dempsey, 5 



Locomotives for Indian Rail- 
ways, 19 
Logarithms, Law, 59 



Machine Shop Tools, Van 

Dervoort, 2 
Machinery, Details, Cantpin, 9 
Marble Decoration, Blagrove, 40 
Marine Engineering, Brewer, 21 
Engineer, Wannan, 21 

Engineer's Pocket Book, 

Wannan, 21 

Marine Engines & Boilers, Bauer, 
Donkin and Robertson, 20 

Engines, Murray, 21 

Market Gardening, Shaw, 56 
Masonry, Purchase, 33 

and Stone-Cutting,' Dob- 
son, 33 

Dams, Courtney, 13 



Masting and Rigging, Kipping, 22 
Materials, Campin, 18 

(Strength of), Barlow, 18 

Handling of, Zimmer, 1 

Mathematical Insts., Heather, 61 

Heather &* Walmisley, 61 

Tables, Law and Young, 

23»59 
Mathematics, Campin, 59 

Measures, Weights, &c., Wool- 
house, 63 



Measuring Builders' . Work, 

Dobson and Tarn, 34 

Timber, &c., Horton, 34 

Meat Production, Ewart, 52 
Mechanical Dentistry, Hunter, 47 

Engineering, Campin, 9 

Handling of Material, 

Zimmer, i 

Terms, Lochwood, 8 



Mechanics, Hughes, 9 

Lardner and Loewy, 41 

Tomlinson, 10 

of Air Machinery, Weisbach, 

10, 23 

(Tables for), Swi7A, 8 



Mechanics' Companion, Tem- 
pleton and Hutton, 7 

Workshop, Hasluck, 49 

Mechanism, Baker, 10 
Mensuration & Gauging, Mant, 

and Measuring, Baker, 17 

Metal Turning, Hasluck, 49 
Metalliferous Minerals, Davies, 

25 
Mining Machinery, Davies, 

23 
Metric Tables, Dowling, 50 

Metrology, /o^Asow, 50 

Microscope, F'aw Heurck, 41 

Milk, Cheese, &c., Oliver, 5^ 

Millers' Ready Reckoner, 

Hutton, 55 

Milling Machines, Horner, i 

Mine Drainage, Michell, 25 

Mines of the Rand, Denny, 23 

Mineral Surveyor, Lintern, 28 

Mineralogy, Ramsay, 28 

Miners' Handbook, Milne, 25 

Pocket Book, Power, 25 

• Mining, British, Hw«^ 25 

Calculations, 0* Donahue, 

27 
Chemistry of, Byrom, 27 

Students, Notes for, ikTm- 

vale, 26 

Tools, Morgans, 27 

and Quarrying, Collins, 27 



Model Engineer, Hasluck, 49 
Mollusca, PVooite/afti, 41 
Motor Cars, Tayler, 11, 48 
Vehicles, Tayler, 11 
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Museum of Science and Art, 

Lardner, 42 
Music, Spencer^ 64 



Natural Philosophy, Tomlinson, 

63 
for Schools, Lardner, 

42 

Naval Architect's Pocket Book, 

Mackrow, 21 

Architecture, Peake, 22 

Navigation, Young, 23 

Greenwood and Rosser, 22 

Practical, 23 



Oil Fields of Russia, Thompson, 

23, 42 
Oils, Analysis of, Wright, 42 
Optical Instruments, Heather, 61 
Optics, Lardner S* Harding, 42 
Organ Building, Dickson, 48 
Oriental Manuals and Text- 
books, 51 

Packing Case Tables, Richard- 
son, 38 

Painting, Gullick &* Timbs, 41 

Paper, Parkinson, 44 

Making, Clapperton, 44 

Wattf 44 

Pastrycook^ Guide, Wells, 48 

Patents, Hardingham, 63 

Pattern Making, /fas/«cA, 49 

Horner y 8 

Perspective, Fergusony 34 

— — Pyne, 34 

Pianoforte, Spencery 64 

Pioneer Engineering, Dobson, 15 

Pipe Flanges, 19 

Threads, 20 

Plastering, Kemp, 33 

Plating & Boilermaking, Hor- 
ner, 3 

Plumbing, Buchan, 33 

Lawler, 33 

Pneumatics, Tomlinson, 19 

Pocketbook, Agriculturist's, 
Bn^A^, 58 

Ewart, 58 

Francis, 55 

Hudson, 59 



Pocketbook, Agriculturist's, 
McConnell, 55 

Auctioneer's, Wheeler, 58 

Builder's, Beaton, 34 

Electrical, Kempe, 30 

Engineer's, Clark, 7.] 

Edwards, 8 

Fletcher, 8 

Hasluck, 9 

Kempe, 7 

Smith, 8 

Templeton, 7 

Engineman's, Reynolds, 6 

Gas Engineer's, O'Connor, 

43 
Health Officer's, JTiV/ott^Ady, 

36 
Marine Engineer's, Afac*- 



fow, 21 



H^a««a», 21 



— of Mensuration and 
Measuring, ilfaw/, 42 

— Miner's, ATt/w^, 25 
Power, 25 

Mining Prospector's, 



Anderson, 24 

Merritt, 24 

Rankin, 23 



of Refrigeration, Tayler, 10 

Pole Plantations, Bright, 58 
Portable Engine, Wansbrough, 5 
Portland Cement, Faya a«i 

Butler, 34 

Specification, 20 

Portuguese Dictionary, £/te;«, 64 

Grammar, F/ww, 64 

Potatoes, Pt«A, 57 
Private Bills, Macassey, 63 
Producer-Gas Plants, Mathoty 6 
Prospector's Handbook, -<4«<;<;f- 

5o», 24 
Pumps and Pumping, Bale, 10 



Quantities (Builders'), Beaton, 34 

Railway Brakes, Reynolds, 5 

Rails, Bull-headed, 19 

Flat Bottomed, 20 

Working, Stretton, 19 

Reclamation of Land, Beazeley, 
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Refrigerating 'Machinery, Tay- 

ler, 19 
Refrigeration, Tayler, 10.' 

(Pocket Book), Tayler, 10 

River Bars, Mann, 13 
Roads and Streets, Law, 15 
Roof Carpentry, Collings, 38 
Roofs, Construction of. Tarn, 18 
Rothamsted Experiments, 

Tipper, 53 
Rubber Hand Stamps, Shane ^ 44 



Sailmaking, Kipping, 22 

Sadler, 22 

Sanitary Work, Slagg, 36 
Savouries and Sweets, Allen, 48 
Saw Mills, Bale, 37 
Screw Threads, 20 

Hasluck, 9 

Sea Terms, Pirrie, 22 
Sewage, Irrigation, Burn, 55 

Purification, Barwise, 36 

Sewing Machinery, Urquhart, 48 
Sheep (The), Spooner, 52 
Sheet-Metal Work, Crane, 47 

Work, Warn &> Horner, 47 

Shoring, Blagrove, 32 

Ship Building, Sommerfeldt, 22 

German, Felskowski, 22 

Ships and Boats, Bland, 22 
Silver, Metallurgy of, Eissler, 24 
Silversmith's Handbook, Gf^?, 46 
Slate Quarrying, Davies, 27 
Slide Rule, Hoare, 59 
Smithy and Forge, Crane, 9 
Soap Making, PTa/Z, 45 
Soils, Burn, 53 
Spanish Dictionary, Elwes, 64 

Grammar, Elwes, 64 

Specifications, Bartholomew, 32 

in Detail, Macey, 31 

Star Groups, Gof^, 41 
Statics, Graham, 17 

and Dynamics, Baker, 61 

Stationary Engine Driving, 
Reynolds, 6 

Steam Engines, Hurst, 6 

Steam and Machinery Manage- 
ment, Bale, 6 
and Steam Engine, Clark, 10 



Steam Boiler Construction, 
Hutton, 3 

Boilers, Armstrong, 4 

Wtlsony 3 

Engine, Baker , 5 

Goodeve, 4 

Haeder and Powles, 5 

Lflfiww, 5 



Safe Use of, 6 

Steel (Structural) Specifications, 

20 
Stone Working Machinery, 

BcUe, II 
Strains in Girders, Humber, 17 

on Ironwork, Shields, 17 

Structural Steel for Marine 

Boilers, 20 

Shipbuilding, 20 

Submarine Telegraphs, Bright, 

30 
Superficial Measurement, 

Hawkings, 38 
Survey Practice, Jackson, 14 
Surveying, Baker and Dixon, 14 

Frome and Warren, 15 

Instruments, Heather, 61 

Land & Marine, Haskoll, 14 

Subterraneous, Fenwick, 28 

Usill, 14 

Whitelaw, 14 

with Tacheometer, Ken- 
nedy, 14 



Tanning, Flemming, 45 
Tea Machinery, Tayler, 47 
Technical Guide, Beaton, 34 . 

Terms, Fletcher, 8 

Telegraph Material, 20 
Temperature Experiments on 

Electrical Machines, 20 
Temperature Experiments on 

Insulating Materials, 20 
Timber Importer, Grandy, 38 

Merchant, Dowsing, 38 

Richardson, 38 

Toothed Gearing, Horner, 9 
Tramway Poles, 19 

Rails and Fish Plates, 19 

Tramways, Clark, 16 
Transmission by Electricity, 

Atkinson, 29 
Traverse Tables, Lintern, 28 
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Tree Planter, Wood, 57 

Pruner, Woody 57 

Trigonometry, Plane, Hann^ 60 

Spherical, Hann, 60 

Trolley Groove and Wire, 20 
Trusses, Griffiths, 18 
Tunnelling, Prelini and Hill, 15 

Simms and Clark, 15 

Tunnel Shafts, Buck, 16 
Turning, Engineers', Homer, 2 

Lathe, Hasluck, 9 

Metal, Hasluck, 49 

Wood, Hasluck, 49 



Ventilation of Buildings, Buchan, 

36 
Villa Architecture, Wickes, 35 
Visible Universe, Gor^, 41 
Vitruvius' Architecture, Gwilt, 

35 
Wages Table, Garbutt, 51 



Watch Jobbing, Hasluck, 49 

Maker, Saunter, 45 

— - — Repairing, Garrard, 45 
Watches, History of, Kendal, 46 
Water Purification, Rideal, 36 

Engineering, S/agg', 12, 36 

Power of, Glynn, 13 

Supply, Humber, 12, 36 

Greenwell and Curry, 

12,36 

Supply of Towns, Burton, 

12,36 
Waterworks, Hughes, 13 
Well-Sinking, Swindell, 13 
Wireless Telegraphy, Sewall, 30 
Wood Carving for Amateurs, 41 

Engraving, Brown, 48 

Turning, Hasluck, 49 

Woods and Marbles, Imitation 

of. Van derBurg, 39 
Woodworking, Hasluck, 49 

Machinery, Bale, 37 

Workshop Practice, Winton, 9 
Works' Manager, Hutton, 3 
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